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lovra, with a climate highly favorable to producing high 
yields of corn, soybeans and forages, has long played a major 
role in the feeding of beef cattle. The potential for producing 
even larger quantities of grains and forages suggests that beef 
cattle production could very well become an even greater part 
of the agricultural economy of the state. Recent advancements 
in animal breeding, physiology, meats and nutrition all have 
been instrumental individually and collectively in increasing 
the magnitude and efficiency of production of all farm animals. 
A popular recent trend ^ong researchers has been to specialize 
in one or another of these subject matter areas with only minor 
consideration given to the idea of how the several specific 
areas fit together and can be pooled most efficiently if the 
knowledge is to be put to practical use. It is clear that the 
environmental conditions in the feedlot represent a combination 
or cross section of the several subject matter areas mentioned 
above. To study feedlot problems requires a study and design 
capable of separating as well as pooling the various subject 
matter areas. 
In order to obtain a better measure of some of the 
environmental factors affecting the performance of beef cattle 
in the feedlot under Iowa conditions, a series of experiments 
was initiated in the fall of 1961 at the Allee Experimental 
Farm in Buena Vista County, Iowa. The specific aims of this 
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study were to observe the effects of shelter and paving upon 
certain performance traits, i.e. rate of gain, daily feed 
intake, feed efficiency, water consumption %%d the relationship 
of these factors to the carcass traits of yearling steers. 
This report will be restricted to the data relating to the 
effects of shelter and paving upon rate of gain, feed intake 
and efficiency of feed conversion of yearling steers. 
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REVIEW OF LITERATURE 
IxvtroducfcioR 
Very little substantial information exists in the 
literature relative to the effects of shelter and paving on the 
performance of beef cattle in the feedlot. Since there are 
many factors of either a genetic or environmental origin which 
may ultimately affect beef cattle performance, it was felt that 
a general review of some of the more pertinent factors, 
relative to the effects of shelter and paving, might be 
included in the review of literature. 
Environmental Factors Affecting 
Beef Cattle Performance 
Geographical location 
Kuykendall and associates (1966), in Texas, conducted a 
study to determine the feedlot performance of steers fed in 
different geographic areas of the state. Six locations were 
selected which had comparable feeding facilities but had near 
maximum variation in climatic environment. Angleton and 
Balmorhea were approximately 550 airline miles apart and 
represented the most divergent geographic areas east and west. 
Balmorhea was 3,200 ft^ higher in altitude^ received 35 in^ 
less rainfall, averaged 5® lower in temperature, 23% lower in 
relative humidity, 25% higher in evaporation and 15% higher in 
percent of possible sunshine annually. Spur and Beeville 
represented the northernmost and southernmost locations. 
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respectively, with Spur having the coolest temperature and 
shortest growing season and Beeville, the longest growing 
season and warmest temperature of the six locations^ In the 
first year 72 Hereford steers were divided as equally as 
possible according to sire, birth date and weight and self-fed 
a complete mixed ration. In the second year 36 Hereford and 
36 Hereford x Brahman did not have age and sire information 
available for the purpose of allotment. In the analysis the 
Hereford and crossbred steers were analyzed separately. It 
was observed that gains of Hereford steers at the various 
locations did not differ significantly for either year? however, 
when gains for both years were pooled significant (P < .05) 
differences in weight gains between locations were found with 
Balmorhea, Beeville and Spur being the locations where the most 
rapid gains occurred. Gains at McGregor and Angleton were 
intermediate and lowest at College Station. Feed intake 
differed significantly (P < .01) between locations but showed 
no particular pattern with regard to geographic areas. The 
same was true for feed required per pound of gain and water 
intake. 
Further evidence of location effects has been reported by 
Ahlschwede et (1959) in North Carolina. These workers 
compared the three locations in the Tidewater (T), Piedmont (P) 
and Upper Mountain CM) regions for their affects on the growth 
of three progeny groups of Hereford yearling steers in each of 
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six years. At each location, one-half was grazed on pasture. 
The test period extended front the early part of spring through 
October and involved a total of 355 steers. The average daily 
gains on grain and grass respectively at eacii of the three 
locations were: (T) 1.98, 1.06; (P) 1.96, 1.08; and (M) 2.31, 
1.26 lb. The analysis indicated that location was a significant 
source of variation. 
Thus, based on the two studies just reviewed where 
location effects were observed on steer performance within a 
given state, it would appear that possibly greater differences 
might be expected in locations with more diverse climatic 
environments. 
Year and season 
Several investigations have been reported concerning the 
influence of year and season on performance. Blunn (1944) at 
the Southwestern Range and Sheep Breeding Laboratory, Port 
Wingate, New Mexico, studied Navajo lamb weights taken at four 
week intervals from birth to weaning age (20 weeks) each year 
from 1938 to 1941 inclusive. The lambs were all bom during 
the two middle weeks of May and had a range of one week on 
either side of the mean age. Highly significant differences 
between the mean weights of the four years were found at all 
ages except birth. Analysis of variance showed that when 
significant differences between the mean weights occurred, the 
variation between the years was responsible for most of the 
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variations in weight. 
Busch and Dinkel (1367) ^ in South Dakota^ observed 673 
grade Hereford steers out of 70 sires from 18 ranches born over 
an eight year period. Their analysis indicated that year had 
a significant effect (P < .01) on daily gain. 
Not all workers have found that year has an effect upon 
steer performemce. Ahlschwede and co-workers (1959), in North 
Carolina, did not find a year effect when studying the gain 
ability of yearling Hereford steers in each of six years. In 
addition Gregory and associates (1966), in Nebraska, using 
Hereford, Angus and Shorthorn and all reciprocal crosses among 
them over a four year period concluded that the interactions 
of years with breed of sire and breed of dam were relatively 
unimportant so far as steer performance in the feedlot was 
concerned. 
In a study conducted by Mullick et al. (1952) at the 
Indian Veterinary Research Institute, various measurements 
were recorded on six Sumauni hill steers for summer, autumn, 
winter and spring seasons extending over an eighteen month 
period. These research workers noted that pulse rate, respira­
tion rate and body temperature increased in the summer months 
while body weight decreased. Water consumption and insensible 
perspiration was highest in summer, comparatively lower in 
autumn and spring, and minimum in winter. Dry matter intake 
varied with water intake. Both ingestion and digestion of 
protein and ingestion of fat was much lower in summer and 
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auturoix than in winter and spring, whereas the digestion of 
carbohydrates was higher in the summer months and the reverse 
was the case in winter and autumn. These differences in intake 
of water, dry matter and nutrients were statistically signifi­
cant between the seasons. From the above findings it was 
concluded that animals adjust themselves to seasonal variations 
by changing the proportion of different food nutrients ingested, 
and thus feed was probably one of the important factors in 
regulating the heat mechanism of animals. 
Rollins et al. (1964), in the Imperial Valley in 
California, compared 3/4 Hereford x 1/4 Brahman calves with 
Hereford calves produced by the seme sire in four successive 
calf crops. They found that Herefords had higher rectal 
temperatures in the summer than the crossbreds. Crossbred 
calves outgained the Hereford calves in the summer both on 
pasture and in the feedlot; the reverse was true during the 
fall and winter - the period of non-stressful weather in the 
Imperial Valley for British type cattle. In the feedlot during 
summer, fall and winter the Herefords had greater feed 
consumption than the crossbreds, however as reported by Mendel 
and Garrett (1966) from the same station, the high ambient 
temperature during the summer months reduced feed intake and 
consequently lowered daily gain of Hereford steers. 
A rate of gain response due to month of calving was 
observed by Marlowe and associates (1965) in Virginia. Calves 
born during February thru May gained four percent faster than 
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January and June calves, 12 percent fa.s.ter than July through 
October calves and six percent faster than November and 
December calves. 
Temperature and humidity 
Temperature and humidity play a very important role in 
beef cattle performance. Not only do these two factors appear 
to have an influence on the physical activity of the animals 
but they also seemingly affect the physiological processes 
within the body which in turn have em effect on productivity. 
Volatile fatty acids Weldy and associates (1964), of 
the USDA, performed a series of investigations to determine 
the influence of heat stress on rumen volatile fatty acid (VFA) 
levels in cattle. Total "VFA concentrations were lower at 90°F. 
than when the ambient temperature conditions were kept normal 
(36-78°F.). The lower VFA level was due mainly to a decreased 
acetic acid concentration. Changes in total VFA concentrations 
were negatively correlated to a significant degree with rectal 
temperature (-.49 to -.79**) and rate of respiratory evaporative 
loss (-.64 to -.71**), but the relationships of VFA levels to 
dry matter and water intake, blood glucose and blood ketones 
were quite variable. Gengler al. (1967), in Missouri, 
using four nonlactating, fistulated Holstein cows placed in a 
climatically controlled chamber where temperatures of 64.8 and 
95.G*F. were compared, also noted that significantly (P < .05) 
lower concentrations of total VFA were obtained at the higher 
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temperature. Other workers in. Missouri, Kelly et al. (1967), 
indicated further that when six nonlactating, fistulated 
Hoistein cows were subjected to temperatures of 34.9, S4.8 and 
99.9®F. in the climatic laboratory, where the relative humidity 
was maintained constant at 50% and feed intake was held 
constant by feeding through the cannula, that significantly 
(P < .01) lower concentrations of total VFA were obtained at 
99.9 than at 64.8®F. No difference existed in total VFA 
concentrations when ambient temperatures of 34.9 and 64.8°F. 
were compared. 
Thyroid gland Johnson and Ragsdale (1960), in Missouri, 
reported the effect of rising environmental temperatures (35-
95°F.) on thyroid release rate of eighteen Holstein, Brown 
Swiss and Jersey heifers. Jerseys displayed higher release 
rates at all temperatures and in no instances were the thyroid 
release rates different between the Brown Swiss and 
Holsteins. As the environmental temperature increased thyroid 
release rate decreased for each breed raised at each tempera­
ture. The negative correlations were statistically significant 
(P < .05 and P < .01) at 50 and 80°F., respectively. As the 
environmental temperature increased from 35 to 80*F. there was 
a gradual decrease in thyroid release rate. Above 80®F. 
there was a sharp decline in thyroid activity with a 
concomitant rise in body tanperature. A similar response in 
thyroid activity was observed by Weichenthal et a]^. (1967) in 
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Colorado. Six pairs of twin steers, of the British breeds and 
weighing approximately 660 pounds» were maintained at 32 to 
?1 to a4*F\ and âS ta lOQ^P. Thyroid function was 
depressed at 95 to 100*F., but appeared similar at the lower 
temperatures. 
When Johnson and Yousef (1966), in Missouri, subjected 6 
nonlactating Holstein cows to fasting for 8 and 24 hours at 
environmental temperatures of 34 and 64®F., the data indicated 
an inverse relationship between the thyroid activity and 
environmental temperature in fasting cows. Blood thyroxine 
I^ ^ ^  disappearance rate increased significantly after eight 
hours of fasting, but after 24 hours of fasting it was similar 
to that of the fed animals. Plasma protein bound iodine (PBI) 
was not affected by fasting. Thus they suggested that thyroid 
function was mainly dependent on environmental taaperature and 
not on feed intake. This suggestion supported earlier work 
done by Lundgren and Johnson (1964), in Missouri, where six 
lactating Holstein cows were used to determine the effects of 
environmental temperature and controlled feeding on blood 
thyroxine disappearance rates. 
By subjecting four Holstein cows late in lactation to 
tapera tares of 64 and 9Ô°Fi, Yousef and Johnson (1965) ob-^ 
served that the high environmental temperature of 90°F. 
decreased significantly (F < .05) PBI but did not affect 
thyroxine disappearance rate. Earlier Johnston et aJ.. 
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(1958), in Louisiana, compared laotating and nonlactating 
Jersey ^ Holstein and Red Sindhi x Holstein covfs uader varying 
conditions of thermal stress. These workers observed that 
initial exposure to elevated temperatures and humidities 
increased heat production but after an apparent adaptation all 
animals showed a decrease in heat production. Serum PBI levels 
paralleled changes in heat production and this led to the 
suggestion that the thyroid gland may have been involved in 
adaptation. Later Johnston and his associates (1361), 
employing approximately the same experimental procedures, 
showed that on exposure to 75 to 95°F. temperatures PBI levels 
increased while thyroxine utilization rate decreased. They 
indicated that the time for metabolic adjustments to hot 
conditions was too short in this case and consequently the 
increase in PBI. 
In order to determine the inf luence of thyroxine on 
calorigenesis, Yousef and Johnson (1966b) selected four 
Holstein cows. Injecting thyroxine at 64 and 90®F increased 
metabolism and milk production. The latent period was two to 
three days and one to two days at 64 and 90*F., respectively. 
Biological effective time was found to be four to five days 
and five to six days at 64 and 90®F., respectively. They 
concluded that rate of thyroxine metabolism was slow and 
decreased progressively under hot conditions. 
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By fitting six nonlactating Holstein cows with rumen 
cannulas ta control feed iatake* Yousef and workers (1967) 
exposed the animals to sudden changes in temperature of 34, 64, 
100 and 64*P., consecutively, and kept them at the changed 
temperatures for at least one week. Blood thyroxine 
disappearance rate and PBI displayed inverse trends during 
exposure to heat. Metabolic rate tended to follow the trends 
of the thyroxine i^ ^  ^ disappearance rate and PBI values during 
the hot period. This, these workers suggested, provided 
evidence that thyroid function and metabolic rate are involved 
in the compensation stage of acclimation to the new environment. 
The mode of action of thyroid hormone, as indicated by 
Turner (1966), is tenuous, contradictory and subject to 
objections. He implicated the possibilities of its involvement 
in synthesis or activation of oxidative enzymes and in 
affecting the rate of metabolism by acting at one or more 
points in the citric acid cycle. 
Physiological reactions Seath and Miller (1946), in 
Louisiana, reported on the effect of warm weather on some 
physiological characteristics of three Jersey and three Holstein 
cows allowed to graze during daylight hours. As the temperature 
rose from 73.0°P. at 5:45 A.M. to a high of 86.7®F. at 2 P.M. 
there was a corresponding increase in average body temperature 
of the six cows from 101.7*F. to 103.5®P. During these same 
respective times respiratory rates rose from an average of 63 
to 79 per minute. Similarly, using four Jersey cows, Riek and 
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Lee (1948) at the University of Queensland in Australia, 
noted a rise in rectal temperature, respiratory rate and 
evaporative loss at temperatures ranging from SS to 110*F. f 
however, pulse rate was essentially unaffected by a rise in 
temperature. These results agree with those of Yousef and 
Johnson (1966a, 1966b) in Missouri, where two groups of four 
Holstein cows each were maintained at 64®P. and then one group 
exposed to 90®F. and the other to 100®P. In both groups rectal 
temperature azid respiration rate increased, while pulse rate 
and oxygen consumption decreased. 
Effects of different temperature and humidity levels on 
body temperature and milk production in 36 Holstein cows were 
measured in the Missouri Climatic Laboratory by Johnson et al. 
(1960). At conditions of 90*F. and 50% relative humidity, the 
absolute decline in milk production below the base condition 
of 65*F. and 50% relative humidity was 7.9 lb. per day in 
early lactation and 2.5 lb. per day in late lactation. At 80®F. 
and 30% relative humidity, the declines were only 4.5 and 
2.8 lb. per day. Increase i%> rectal t^iperatares at 90®F. and 
50% relative humidity were 2.9®F. in early lactation and 1.7°F. 
in late lactation. At 80®F. and 30% relative humidity the 
increases were 0.4 and 0-i3®F^ for early and late lactation 
respectively. 
Rhoad (1938), of the USDA, studied the response of 
Bos taurus (Angus) and Bos indicus (Guzerat) cattle to high 
atmospheric temperatures and humidities. He observed that 
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respirations per minute and body temperatures rose concurrently 
with the rise of atmospheric temperature for both breeds ; 
however, the respirations per minute and body temperatures of 
Angus were influenced to a greater degree than were the Guzerat 
cattle. Likewise McDowell ^  al. (1953) , also of the USDA, 
examined 20 cows of the Jersey breed and 20 of the Red Sindhi x 
Jersey cross as to the effects of a sudden exposure to 105®F. 
after being maintained at normal temperatures of 57 to 84®F. 
Crosses showed a smaller rise in rectal temperature (1.87®F) 
than did the Jerseys (3.06°F.). Both the final respiratory 
volume and the rise in respiratory volume, however, were 
slightly smaller in the crosses. They also indicated that the 
correlation between respiratory volume and rectal temperature 
in cows exposed to compareible heat stress was a positive one, 
often of high magnitude- Johnston et al. (1961), in Louisiana, 
noted similar increases in body temperature, respiratory rate 
and respiratory volume on sudden exposure to high temperatures 
of 75 to 95°F. 
Differential responses of two sexes and two breeds of beef 
cattle (Brahman and Hereford), when subjected to prolonged 
temperature stress, were noted by Gutierrez and workers (1968) 
in Florida. Twelve animals, three from each breed and sex, were 
subjected to each of the following treatments: (1) a heat-
controlled chamber held at a constant temperature of 90®F, and 
96% relative humidity, (2) a cold-controlled chamber held at a 
constant temperature of 70*F. and 65% relative humidity, and 
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(3) a control group held at existing ambient temperatures* 
Their findings showed that body temperature was lower for the 
Brahman compared to the Hereford in all treatments. Ovarian 
activity, as well as semen characteristics showed an adverse 
effect of the high temperature at 90®P. as compared to the 
animals in the 70*F. chamber and the outside controls. 
Effect of nutritional plane upon the reactions of animals 
to heat was reported by Robinson and Lee (1947) in Australia. 
Experiments were conducted with White Leghorn hens, Australorp 
hens. Middle White sows and Border-Leicester-Merino ewes, in 
which some animals of each breed were reared on a high-plane 
diet (access to an adequate food mixture, fullfed) and a low-
plane diet (maintenance diet). Once a week each animal was 
exposed to a hot atmosphere of 85 to 90°F. for seven hours. In 
all animals rectal temperature, pulse rate and respiratory rate 
were significantly higher for animals on the high-plane diet 
than for those on the low-plane diet when subjected to the hot 
atmosphere. Rogerson (1960), working with cattle, found some­
what similar results with respect to temperature and plane of 
nutrition. Animals on high-planes of nutrition had an increase 
in heat production when environmental temperatures increased. 
Heat production of animals on the low-^planes of nutrition were 
not influenced by the environmental temperature in the range of 
68 to 104°F. 
Effect of low fluctuating temperature was studied by 
Williams and Bell (1964) in Saskatchewcin, Canada. Lactating 
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Holsteiiv cows held iu a. loose-housing type ba,rn,t where the 
ambient air teroperatuire fluctuated from -3*P. and above and 
the relative humidity was between 72 to 79%, were found to 
exhibit respiratory rates closely related to changes in air 
temperature. Heart rate, rectal temperature and milk produc­
tion were unaffected by low fluctuating temperatures. 
Heat loss Animals lose heat by radiation, conduction, 
convection and evaporation. According to Andrews (1957) 
evaporation of one gram of water from the body surface at 
91.5°F. removes 580 calories of heat. McDowell et al. (1961), 
at the DSDA, studied the rate of surface evaporation of cattle 
and sheep. They noted that under dry conditions (20% relative 
humidity), rate of surface evaporation increased with increasing 
temperature from 86 to 113°F., but there was no marked change 
in respiratory evaporation. At 80% relative humidity surface 
evaporation increased at temperatures of 83 to 91°F., but 
decreased at 95®F. Rate of surface evaporation had a highly 
significant positive correlation with air temperature (0.76) 
and a significant negative correlation with humidity (-0.47). 
Cargill and associates (1962), in Missouri, observed the 
effect of temperature and humidity on heat and vapor dissipa­
tion of cattle. As air teoperature increased front 65 to 90®F., 
total heat dissipation decreased and total vapor dissipation 
increased. Increasing the humidity from 20 to 80% relative 
humidity, at a given temperature, decreased total heat and 
vapor dissipation. Kibler et al. (1962), also in Missouri, 
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noted similar effects with 18 growing calves of Holstein, 
Brown Swiss and Jersey breeding. Changes in total respiratory 
and skin vaporization per animal all increased with age and 
in addition they were greater at 80®P. than at 50*P. for all 
breeds (P < .Ql>. Kibler and associates (1965> provided 
further evidence in support of these findings relative to the 
effects of temperature and humidity on heat production and 
dissipation in Holstein cattle. 
Adaptation Brody (1956), in Missouri, defined the 
comfort zone as the temperature interval during which no 
demands are made on the temperature-regulating mechanisms. 
European, Indian and Santa Gertrudis cattle were housed in the 
Climatic Chamber Laboratory to determine their respective 
comfort zones. Under these conditions they found the comfort 
zone of Europecin cattle to be 30 to 60°F. and Indian cattle 
50 to 80°F. Higher heat tolerance of Indian cattle was thought 
to be due to lower heat production, greater surface area per 
unit of weight, shorter hair and other body-temperature 
regulating mechanisms not visually apparent. 
A scale of heat tolerance for cattle was developed by 
Rhoad (1942) at the Iberia Livestock Experimental Farm, 
Jeanerette, Louisiana, based on data obtained under conditions 
where temperature exceeded 90®F. Body temperature (BT) was 
incorporated in a formula developed to measure heat tolerance. 
The formula for heat tolerance was: 100-10 (BT-101.0). Heat 
tolerances for certctin breeds and their crosses wèrè ranked as 
is 
follows; purebred Brahman = 93, 1/2 Brahman - 1/2 Angus = 89, 
purebred Jersey = 86, 3/8 Brahman - 5/8 Angus = 86* 
1/2 Africander - 1/2 Angus = 83, purebred Santa Gertrudis =82, 
1/4 Brahman - 3/4 Angus =76, 1/4 Africander - 3/4 Angus = 75, 
grade Hereford = 73, and purebred Angus = 56. In a similar 
study in Puerto Rica based on body reactions and milk production 
relative to the effects of environmental temperature and 
relative humidity, Arrillaga and associates (1952), ranked four 
dairy breeds on the basis of heat tolerance. Their ranking was 
Jersey, Brown Swiss, Holstein and Ayrshire. This latter study 
agrees quite well with research done by Quazi and Shrode (1954) 
in Texas, where heat tolerances were established on the basis 
of rectal temperature, pulse rate and respiratory rate. In 
this study Jersey x Holstein crosses were the most heat 
tolerable followed by purebred Jerseys and then purebred 
Holsteins. Cartwright (1955), in Texas, showed that Brahman 
were more heat resistant than Herefords, with their cross 
being intermediate. 
Hair coat Several workers have implied that hair 
coat may be involved in heat tolerance. Dowling (1959), in 
Australia, showed that the long, insulating type of winter coat 
in cattle is shed from the end of winter to the early summer, 
and that new fibers which grow are thicker and more medullated, 
though shorter. This he observed enhanced air movement at the 
skin and thus there was a greater opportunity for vaporization 
of moisture and consequent dissipation of heat from the skin. 
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iR addition, Rhoad (1940) of the OSDA, found that the less 
intense the pigmentation the greater the reflections of solar 
heat from the coat. Though the results were somewhat variable, 
cattle possessing a coat color other than black appeared to 
exhibit greater heat tolerance. 
Turner and Schleger (1960), in Australia, subjectively 
scored cattle hair coats, ranging from very sleek to very woolly, 
in over 1600 Hereford and Shorthorn cattle. It was found that 
coat scores correlated quite well with body temperature and 
respiratory rate and they concluded that sleek coats were very 
important in heat dissipation. 
Cattle hair orientation, as estimated by depth-over-length 
ratio, was investigated by Berry and Shanklin (1961) in 
Missouri. Increasing this ratio increased the transfer of heat 
thru a unit thickness of hair coat, but the change in hair 
depth associated with increasing this ratio for hair of a 
constant length resulted in a decline in the amount of heat 
transferred thru the entire depth of hair coat. In addition, 
increasing total hair number per unit area increased the total 
heat transfer. 
Gain, feed intake and feed efficiency Since adverse 
teRç>erature and humidity conditions have been shown to affect a 
wide variety of physiological functions in the animal's body, 
it appears justifiable to assume that some response should be 
noted in the animal's feed intake, feed conversion and rate of 
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gala. Klett and associates (1969}, in. Louisiana» studied 36 
Hereford and Hereford x Brahman steers weighing 550 lb. and 
fed individually for 140 days during a summer feeding period 
extending from May through September, All steers were divided 
by breed type and randomly assigned to one of three isonitro-
genous rations containing (1) 73% TDK and 4% fiber, (2) 67% TDN 
and 10% fiber, or (3) 61% TDN and 16% fiber. It was noted 
that total gain and feed intake increased significantly (P <.01) 
with an increase in humidity, while feed conversion decreased 
(P < .05). Increasing temperature had a depressing effect 
(P < .01) on total gain, but was not significantly related to 
feed conversion or feed intake. 
Effect of humidity at temperatures above and below 75®F. 
was observed for feed intake and milk production in lactating 
cows by Ragsdale and associates (1953) in Missouri. It was 
noted that relatively low and high humidities at temperatures 
below 75°F. atmospheric temperature, did not affect feed intake 
and milk production. However, increasing humidity and tenç>era-
ture above 75®F. did reduce feed intake and milk production. 
One year later, Ragsdale and his associates (1954) confirmed 
these findings with a similar study and in addition found that 
feed consumption rapidly returned to normal during control peri­
ods at 65®F. and that radlk production returned to near its 
original level. 
Wayman et al. (1962), in Missouri, reported on the effects 
of high temperature on feed intake, feed efficiency and milk 
21 
production in Eolsteins^ The observed reduced feed intake, 
decreased energy utilization for milk production and lower milk 
production at a8*F. th^ at 65®P. Davis and Merilan (1960)« 
also from Missouri, investigated the effect of constant envi­
ronmental temperatures and relative humidities (R.H.) on feed 
intake and digestion of 12 lactating Holstein cows. When envi­
ronments of 8Q®F. and 80% R.H., or 90*P. and 20% R.H. were com­
pared with the control of 65®F. and 50% R.H., there was little 
effect on feed intake and digestibility. When cows were sub­
jected to 90°P. and 40% R.H. dry matter intake fell to 5-07 lb. 
per day less than for cows in the control environment, and feed 
digestibility increased by 4.35%. Environments of 90®F. and 
50% R.H. exerted an even greater effect by decreasing feed con­
sumption 20%, or 6.72 lb. of dry matter per cow per day and 
increased feed digestibility by 6.2%. Johnson and other 
workers (1960), in Missouri, found somewhat similar results, 
with respect to feed consumption of Brown Swiss, Jersey and 
Holstein calves, at 50 and 80°F. With the exception of Brown 
Swiss, feed consim^tion was greater at 50®F. than at 80°F. 
during growth up to 12 months of age. 
Using 36 yearling Hereford steers in a shelter study in 
Canada, Williams (1959) noticed that for the period of November 
1, 1957 to February 21, 1958, where the temperature ranged from 
-35®F. to +45®F., feed intake varied with changes in air temp­
erature but there was not a significant correlation between 
them, MacDonald and Bell (1958), also in Canada, observed that 
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low fluctuating temperatures varying between 2 to 45®P. led to 
an increased feed intake in animals. 
Air movement 
The effect of air movement on physiological adjustments 
and gains of Hereford steers in the Imperial Valley of Califor­
nia was studied by Garrett et al. (1960). By supplementing 
natural air movement with fans during two summers in which the 
average daily temperatures were near 90®F. it was noted that 
no significant increases in animal productivity could be 
attributed to increased air velocity when shade was available 
to steers in wire or cable corrals; however, fans significantly 
lowered rectal and surface temperature and respiration rate 
when no shade was available, but did not affect these param­
eters when the steers had shade. Ittner and associates (1957) 
at the same station were able to demonstrate a response in 
productivity due to mechanically increasing air movement by 
use of a fan. In this case, however, pens were enclosed by six 
feet high fences constructed of four 2" x 10" planks. All 
cattle had access to shade and temperatures averaged around 
90®F. for the two summers this trial was conducted. Neither 
feed consumption nor feed conversion was significantly 
different, although each increased slightly for those cattle 
exposed to fans. Gain did exhibit a significant (P < .01) 
response in favor of the cattle with access to fans, Klett 
et al. (1969), in Louisiana, individually fed 36 steers for 140 
days during the summer and indicated a significant (P < .01) 
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response in feed intake by increased air movement. 
Precipitation 
The wetting of body surfaces increases heat loss as a 
result of evaporation * but there is little experimental work to 
determine the extent to which this factor may affect physio­
logical processes and ultimately production. Andrews (1957) 
stated that the application of water to body surface has been 
widely practiced with the effectiveness depending on moisture 
content of surrounding air and air movement. Minett (1947), 
at the Imperial Veterinary Research Institute in India, 
studied the effects of artificial showers, natural rain and 
wallowing on the body temperatures of water buffaloes, zebu 
cattle, small hill cattle and sheep. A heavy shower for two 
hours lowered the body temperature of water buffaloes 2.8°F. 
in the morning and 1.6®F. in the afternoon, while a similar 
shower reduced the body temperature of zebu cows by only 0.5®F. 
in the afternoon. Natural rain during the summer monsoon 
season lowered the body temperature of hill cattle 1-6 to 
3.8®F. and 1.4 to 2.7®F. in sheep. He observed that decreasing 
body temperature due to rainfall could be counteracted by light 
exercise during the rain or drying-off period, or both. Adult 
water buffalo were found to wallow naturally frcati April to 
October when air and water temperature were above 85 and 77*F., 
respectively. Various methods of cooling water buffalo were 
also tested- Wallowing for 20 minutes or 60 minutes or hosing 
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for three minutes gave similar results. 
The effect of sprinkling on respiration rate, body temper­
ature and milk production of eight Holstein and eight Jersey 
cows was investigated by Miller et (1951) in Louisiana. 
Respiration rates for the Jerseys and Holsteins having access 
to the shower were 18 and 13% lower, respectively, than for 
those only with shade. Holsteins and Jerseys sprinkled had 
body temperatures of 0.7 and 0.4®F. lower, respectively. They 
were unable to demonstrate any relationship between treatment 
and milk production. 
Solar radiation 
As stated by Andrews (1957) solar radiation is also a 
source of heat particularly during the summer months. Rhoad 
(1938), of the DSDA, compared Bos taurus (Angus) and Bos 
indicus (Guzerat) cattle as to the effect of solar radiation 
on respirations per minute and body tCTiperature. He observed 
that these parameters were elevated for both Angus and Guzerat 
cattle upon exposure for a considerable length of time and 
furthermore that a febrile condition was developed by the Angus 
cattle. That the Guzerat did not develop this febrile condi­
tion led Rhoad to conclude that they were more heat tolerable. 
Later Rhoad (1940) noted that solar radiation exhibited less 
influence on lighter hair coats than on darker hair coats of 
cattle. He attributed this to the greater reflection of the 
lighter hair coats. 
25 
In a study done by Klett et (1969) » in Louisiana, with, 
18 Hereford and 18 Rahman x Hereford steers weighing 
550 lb., it was observed that solar radiation resulted in a 
significant (P < .01) decrease in total gain and a significant 
(P < .01) increase in feed conversion. Solar radiation did not 
have an effect on feed intake. 
Shelter 
An examination of the published scientific literature 
reveals there is relatively little information pertaining to 
the effects of shelter upon feedlot performance of beef cattle. 
À few investigations have been reported where the influence of 
shelter has been studied but for the most part shelter is con­
founded with other variables and this in turn makes it difficult 
to interpret the true effects of shelter. 
In a study by Williams (1958, 1959), in Saskatchewan, 
Canada, 36 yearling Hereford steers were divided into six lots 
(each 20 x 60 ft.) to determine the economic importamce of 
bedding and shelter under winter conditions. Two lots had 
access to a baled straw shed, another two lots had a 10 ft. 
board fence on the north side and the remaining two had neither 
shelter nor a board fence. One of each pair of lots was 
provided with straw bedding and the other had no bedding. The 
steers were placed on feed October 9, 1957, and slaughtered 
February 21, 1958. They were fed ad libitum a ration consist­
ing of 50% grain and 50% pelleted roughage and an additional 
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two pounds of oats straw per day per head to eliminate eating 
of bedding. Stilbestrol was supplied in the ration to provide 
10 mg. per steer per day. The range in air temperature for the 
period was -35*P. to 45®F. It was reported that treatments 
did not affect feed intake but did significantly influence gain 
and feed conversion. The no shelter group gained 1.92 lb. per 
day and required 905 lb. of feed per 100 lb. of gain, while the 
cattle with access to board fences or a straw shed gained 2.40 
and 2.26 lb. per day, respectively and required 745 and 793 lb. 
of feed per 100 lb. of gain, respectively. They concluded that 
a minimum of a board fence should therefore be recommended for 
feeding cattle during the winter months under these conditions. 
Givens et (1967), in California, in a project designed 
to study the effects of shelter and pen design, used 54 steers 
averaging 475 lb. and divided them among six lots each 40 x 80 
feet. Three lots had a movable shade 12 x 24 x 8 ft. high 
located in the center. Each shade had 12 stalls each 5 ft., 
6 in. X 3 ft., 3 in. wide. The stalls were bedded with rice 
hulls which were replaced every 14 days. The trial was con­
ducted from November 2, 1965 through March 22, 1966, with all 
lots having access to water at all times and fed a ration free 
choice which consisted of 13% alfalfa hay, 5% oat hay, 9% beet 
pulp, 30% milo, 30% barley, 3% cottonseed meal, 8% molasses 
and 2% fat. To each 100 lb. mixture was added 0.5 lb. urea, 
0.5 lb. trace mineralized salt and 60,000 I.U. of vitamin A. 
They observed that while both the shelter and no shelter groups 
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gained, 2.99 lb. per day* there was a significant (P < .05) 
difference in feed efficiency. The cattle with access ta 
shelter required 6.16 lb. of feed per pound of gain compared to 
6.34 lb. of feed per pound of gain for the no shelter group. 
In a study being conducted currently in Missouri, Dyer and 
associates (1967, 1968) have presented some preliminary data 
relative to various feedlot facilities upon beef cattle per­
formance. In the first year the cattle had been on a finishing 
ration from May through October and in the second year from 
April through August. In both cases the cattle were fed a 
ration of ground ear corn and protein supplement according to 
appetite. To date these workers have shown that cattle with 
access to a shed 30 x 48 ft. and open to the south, when 
compared to cattle with somewhat similar facilities and no 
shelter, have gained slightly faster during the month of July 
and early part of August; however, over the entire feeding 
period their gains were about equal. 
Ittner and Kelly (1951), in the Imperial Valley of 
California, where the mean monthly temperature is greater than 
75°F. for six months of the year, studied the preference and 
well-being of cattle under various kinds of shades during the 
summer months- The shades ranked as follows: (1) a three-
sided structure, constructed of woven wire and insulated with 
old hay on the sides and under the aluminum roof, along with 
an evaporative cooler; (2) structures of either wetted burlap 
or galvanized iron roofs; (3) doubled roof shade without spray 
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cooling; (4> hay covered, shades, 12, 10 and 8 feet high, with 
the cattle preferring the 12 ft., shade; and (5i plain galvanized 
iron roof and louvered shades. In a later study Ittner and 
associates (1954) observed that shades should be at least 10 to 
12 feet above ground and provide at least 60 square feet per 
animal to most adequately reduce the heat load on animals. 
In an attempt to study the effects of shelter, square 
footage requirements and slotted floors upon feedlot cattle 
performance in Michigan, Henderson et a2. (1965) selected 
Hereford steers weighing approximately 700 pounds and placed 
them on a ration full fed twice daily and consisting of 70% 
ground ear corn, 15% ground shelled corn, 10% ground alfalfa hay 
and 5% protein supplement fortified with the proper minerals. 
Four lots consisting of open housing, earthen floors, bedded 
with straw and providing 55, 45, 35 and 25 sq. ft. per animal, 
respectively, were compared. The lot with 35 square feet per 
animal was further compared with two enclosed shelters contain­
ing 35 sq. ft. per animal, no bedding and either an all concrete 
floor or a slotted floor. The two enclosed structures were 
equipped with continuously running exhaust fans. The experiment 
was initiated on February 20, 1965, and all cattle were fed 
until they weighed between 950 and 1000 pounds. While all 
cattle gained over two pounds per day on test, the cattle with­
out shelter gained faster (2.34 vs. 2.12 lb., respectively) and 
were more efficient in feed utilization (829 vs. 889 lb. per 
100 lb. gain, respectively) although the differences were not 
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statistically significant. In a later test initiated on 
November 17, 1966, Henderson and associates (i961b) conç>ared 
Hereford steers in four insulated and enclosed buildings with 
cattle having access to 100% covered housing and open to the 
south and cattle having access to 40% covered housing open to 
the south with attached concrete lot. In each of the latter two 
cases straw bedding was provided and in the four insulated and 
enclosed units solid concrete floors were compared with floors 
consisting of one half solid concrete suid one half concrete 
slots. In addition the effects of straw bedding were studied in 
the four enclosed units. Exhaust fans were provided and ran 
continuously in the enclosed units. High moisture (26%) corn 
was fed from the onset of the trial through May 29, 1967, at 
which time shelled corn was fed for the remainder of the test. 
All lots were full fed twice daily and received one pound of 
protein supplement per head daily. The cattle were slaughtered 
when they reached 1025 pounds. Results of the two lots fed in 
open pens with straw bedding versus the two lots fed in the 
enclosed and insulated structure with straw bedding were pooled. 
They found that rate of gain and carcass quality were almost 
identical (2.61 vs. 2.68 and low choice vs. high good, respec­
tively); however, the cattle in the enclosed and insulated 
structure had a lower feed requirement per 100 lb. of gain 
(661 vs. 712). 
Ingalls and Seale (1967, in Manitoba, Canada, took six 
Holstein bulls and six Hoistein steers weighing an average of 
324 Ib^ and assigned three of each sex to heated housing (50 to 
59*P.) emd a similar group to open shed housing for a period 
starting October l, 1966^ and ending May 22^ 19G7, A concen­
trate to roughage ratio of 9:1 was pelleted and fed free choice. 
Steers received stilbestrol implants of 36 m^g. at 467 and 
753 lb., respectively. Daily feed intake for heated versus 
open housing was 15.04 and 16.63 lb., weight gain for these two 
systems of housing was 2.88 and 3.04 lb., and feed efficiency 
for heated versus open housing was 11.32 and 12.14 lb. When 
they divided the feeding period into three periods (October 1 -
December 20, December 21 - March 14 and March 15 - May 22) the 
daily feed intake, weight gain and feed efficiency for periods 
I, II and III were 12.07, 15.73 and 19.69; 2.86, 2.93 and 3.13; 
and 9.32, 11.87 and 14.03, respectively. It was noted that 
period by type of housing interaction was significant (P < .05) 
for feed intake, weight gain and feed efficiency, thus during 
period II feed intake was 11.6% higher, weight gain 6.8% lower 
and feed efficiency 20% lower for animals in open housing. 
During period I, animals outside had higher gains (16.3%) and 
feed intake (19.5%) with little difference in feed efficiency. 
These differences were reported to be small during period III. 
The effects of type of fencing were studied by Ittner and 
associates (1955) in the Imperial Valley of California. They 
obtained 14 Hereford steers with an average weight of 814 lb. 
and placed seven steers in a wire pen 35 x 60 feet with a hay 
covered shade 18 x 35 feet in the center. The other pen was a 
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voodea corral 50 x 60 feet with an aluminim shade 18 x 35 feet. 
Both pens were of a dirt surface and provided SO sq. ft. of 
shade per animal. The "cattle were fed a pelleted diet consist­
ing of about 50% concentrate and 50% roughage. Mean tempera­
ture for the 84 day test was 90®F. with a relative humidity of 
39%. These workers noted that the wire pen had an air 
temperature of 3.8*F. less, a wind velocity of 1.32 mph. 
faster, a water temperature of 4.9*F. lower and the radiant 
heat load was as much as 9.5 B.T.O. less per hour per square 
foot of animal surface. As a result it was found that the 
cattle in the wire pen gained 1.94 lb. per day, while those in 
the wooden corral gained 1.51 lb. per day. This difference 
was significant {P < .01). This supported work reported by 
Ittner and his associates (1954) one year earlier. 
Paving and bedding 
Very little information is available concerning the effect 
of feedlot surface on beef cattle performance. Limited data 
exists relative to the effects of slotted floors and straw 
bedding. Henderson et al. (1965, 1967b)^ in studies described 
earlier in this review, reported on the effects of enclosed and 
insulated housing with solid concrete flooring versus solid 
concrete flooring over one half the surface area with the 
remaining half constructed of concrete slots. In the first 
study daily gains were 2.15 and 2.10 lb. and feed per 100 lb. 
of gain were 890 and 888 lb, for solid concrete versus the 
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combination of solid concrete and, concrete slots, respectively. 
In the second experiment cattle fed on slotted concrete floors 
gained 2.65 lb. per day, while those on solid concrete gained 
2.55 lb. per day. In neither case were the gains significantly 
different. 
In a study conducted by Klosterman (1966), in Ohio, cattle 
on steel slotted floors were compared with cattle receiving 
straw bedding. Hereford steers averaging approximately 620 lb. 
were fed from February 24 to July 21. Two groups of 10 steers 
were placed on slotted floors and two groups of 12 steers were 
placed on straw bedded floors. Each pen provided approximately 
35 sq. ft. per steer. The ration consisted of about 3 parts 
grain to 1 part of corn silage and hay. He found no signifi­
cant difference between slotted floors and straw bedded floors 
for rate of gain (2.14 vs. 2.27, respectively) or feed 
requirement per pound of gain. Differences in marbling score 
and quality grade were highly significant (P < .01) in favor of 
the cattle on slotted floors. Though not significant it was 
reported that dressing percent, backfat and yield grade were 
in the same direction. In another study of a similar nature 
Klosterman et al. (1965) found no differences in rate of gain, 
feed efficiency or carcass grades when slotted floors were 
compared to straw bedding. 
Henderson et al. (1967b), in a study described previously, 
studied the effects of straw bedding in insulated and enclosed 
housing. Cattle with straw bedding were found to gain 2.68 lb. 
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per day as compared to 2.52 lb. per day for those without 
straw bedding. This, difference was not significant, however a 
significant difference (P < .05) in carcass grade^ marbling 
score and dressing percent was found in favor of those 
receiving bedding. Williams (1958), also in a previously 
described study, found that straw bedding under winter con­
ditions in Saskatchewan appeared to be an economical practice. 
Cattle receiving straw bedding were found to gain faster (2.49 
vs. 1.89 lb. per day) and be more efficient converters of feed 
(711 vs. 935 lb. per 100 lb. of gain). Both groups consumed 
29 lb. of feed per day when averaged over the entire feeding 
period. 
Animal density 
The effect of total pen space was investigated by Garrett 
et al. (1962) in California. Three 84 day experiments were 
conducted in 1959, 1960 and 1961, utilizing 60 grade yearling 
Hereford steers per year with six cattle per pen. All 12 pens 
were shaded by a 10 foot high galvanized steel shade painted 
white on top and oriented east and west. The cattle were fed 
ad libitum in bunks which provided 18 inches of space per 
steer. Average temperatures for the three summers was 90.7®F. 
A comparison was made of 90^ 135 and 200 square feet of total 
pen area per steer. Initial weights averaged approximately 
623 îb. for all steers. It was observed that average daily 
gain, feed consumption and feed efficiency were: 2.09, 2.09 
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and 2.14 lb.; 18.1, 17.6 and 17.6 Ib.f and 866, 842 and 822 lb. 
per 100 lb. of gain for SO, 135 and 200 sq. ft. per animal, 
respectively. The only significant difference occurred in 
feed consumption where the cattle with 90 sq. ft. of area 
consumed significantly (P < -05) more feed per day. 
Henderson and Newland (1966), in Michigan, studied the 
effect of animal density on feedlot performance. Steer calves 
weighing an average of 430 lb. were subjected to pens entirely 
covered by roof and open to the south with each lot measuring 
12 X 27 feet (total 324 sq. ft.). Steers were then allotted 
so that animal densities of 20, 25, 30 and 35 sq. ft. per 
animal were obtained. All lots received straw bedding and 
were full fed a 74% concentrate ration from January 7 to July 
9, 1966 (213 days). Average daily gains and feed per 100 lb. 
of gain were: 2.43, 2.48, 2.62 and 2.68 lb.; and 734, 710, 
685 and 659 lb. for 20, 25 30 cind 35 sq. ft. per animal, 
respectively. It was noted that the largest differences 
occurred between those animals having 25 and 30 sq. ft. of pen 
space. None of the carcass traits appeared to show any 
differences due to animal density. In an investigation one 
year later, Henderson et a^. (1967a) subjected choice Angus 
heifers weighing an average of 648 lb, to the same facilities 
and management as the previous year. This test was initiated 
April 6 and conducted through August 18, 1967. They reported 
average daily gains and feed per 100 lb. of gain were: 1.95, 
1.91, 2.03 and 2.02 lb.; and 999, 1028, 972 and 970 lb. for 
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20# 25, 30 and 35 sq» ft. per animal, respectively. Again, as 
in the previous year, the authors noted a break between 25 and 
30 sq. ft. of pen space per animal. Carcass traits showed no 
difference as a result of varying animal density. 
Dyer et (1968), in a cattle feedlot and manag^aent 
study described earlier, investigated the bunk space require­
ments of cattle fed once a day. When they compared spaces of 
9, 12 and 24 inches per animal they observed average daily 
gains of 1.57, 1.71 and 1.75 lb., respectively. 
Nutrition 
Much is known concerning the nutrient requiranents of 
beef cattle; however, there is generally less agreement 
relative to the optimum combination of feedstuffs in meeting 
these requirements. Certainly the best combination of feed-
stuffs may not always be the most economical and this is of 
prime consideration. 
In a review of the voluntary regulation of food intake in 
ruminants by Balch and Campling (1952) in England, they stated 
that many factors were involved in regulating food intake and 
that much more work was needed in elucidating regulatory 
mechanisms^ Factors implicated in regulation of food intake 
in ruminants were: (1) central nervous system; (2) perception 
of food; (3) oropharnygeal regulation; (4) gastrointestinal 
tract size, movements and contents; (5) mastication, ruminatioiv 
digestion, rate of passage; (6) thermostatic and chemostàtic 
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regulationî (7> lipostatic regulation? (S) hormones? and 
(&> frequency of feeding. Conrad (1966) in a symposium on 
factors influencing the voluntary intake of herbage by 
ruminants suggested that based on previous experiments, chemo-
static and thermostatic mechanisms along with undigested feed 
residues in the digestive tract, may be the limiting factors 
governing feed intake in ruminants. 
Rate of feed consumption and its effect on beef cattle 
performance was studied by Putman et a2. (1964), in the DSDA, 
using 12 steers fed individually ^  libitum ranging in weight 
from 532 to 1306 pounds. They observed a significant variation 
due to the regression of rate of feed consumption upon body 
weight- From this they indicated that weight is directly 
related to the speed with which feed is consumed. 
In a summary prepared by Wise and associates (1968), in 
Noirth Carolina, they indicated there was little doubt that 
beef cattle could be finished on all-concentrate rations. 
Body weight gains comparable to those on conventional rations 
were obtained and feed efficiency was improved. They were 
unable to find any evidence as to why animals fed an all-
concentrate ration limited feed intake to an energy level 
conç>arable to that on a conventional ration, or what could be 
done to increase consumption to taùce advantage of the extra 
space in the rumen resulting from the removal of roughages. 
Brethoar and Duitsman (1966), in Kansas compared an all-
concentrate ration of sorghum grain and supplement with a 
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conveational ration of corn, silage, alfalfa hay, sorghum grain 
and supplement. In the summer of 1965 yearling Hereford 
steers were fed for 14^ days and in the following winter steers 
of the same shipment, that had been on pasture during the 
summer months, were fed for 156 days. Average initial weight 
was 800 lb. and average final weight was 1235 lb. All steers 
were full-fed daily according to appetite. In the summer trial 
it was observed that cattle on all-concentrate rations averaged 
significantly (P < .05) faster gains (2.97 vs. 2.62 lb.), had 
significantly (P < .10) higher average dressing yields (62.4 
vs. 61.1%) and tended to grade higher. Although the all-
concentrate fed cattle consumed more feed their cost of gains 
were reported to be less. In the winter trial there was 
little difference in gain (3.07 vs. 3.00), in dressing percent 
(63.3 vs. 63.7), and in carcass grade, although the gains of 
the all-concentrate fed cattle were cheaper,. 
The effects of roughage to concentrate ratio in beef 
heifer feeding trials were studied by Richardson et al. (1961) 
in Kansas. Rations having roughage to concentrate ratios of 
1:1, 1:3 and 1:5 were evaluated. These workers reported the 
highest daily gains were obtained with the 1:5 ratio (P < .05) 
and lowest with the 1:1 ratio. Both the carcass grades and 
marbling scores were higher for the 1:3 and 1:5 ratios than 
the 1:1 ratio. 
Goodrich and Meiske (1966), in Minnesota, studied the 
value of hay in finishing cattle rations containing ear corn. 
À total of 89 yearling steers were fed rations composed of: 
ground ear corn and soybean meal CEC)? ground ear corn, soybean 
oil meal and 3»94 lb. of alfalfa-brome hay daily (EC + ? and 
ground shelled corn, soybean oil meal and 3.94 lb. of alfalfa-
brome hay daily (SC + H). Average daily gains, total dry 
matter consumption and total dry matter requirements per 10Q 
lb. of gain were: 2.11, 2.49 and 2.71 lb.? 14.82, 18.59 and 
17.93 lb.; 703, 749 and 664 lb., respectively for cattle fed 
EC, EC + H and SC + H rations after adjustment to equalize 
digestible protein. Each rate of gain was found to differ 
significantly (P < .01) from the others and feed consumption 
for EC was significantly (P < .01) less than for EC + H and 
SC + H. Essentially no differences were found for carcass 
traits. 
The value of corn cobs in a fattening ration for steer 
calves was investigated by Gerlaugh et al. (1943) in Ohio. 
Three lots, each with 20 group fed steers weighing approxi­
mately 480 lb. each, were started on test in December and fed 
for 252 days. Mixed clover and timothy hay were full-fed to 
all lots along with 2 lb. of soybean oil meal per head daily. 
To one lot ground shelled corn was fed, to another ground ear 
corn and to the third a corn and cob meal was fed which 
contained additional com cobs. They reported that average 
daily gain did not differ to any great extent (1.97, 1.99 and 
1.93 lb., rerspectively) , although feed efficiency favored the 
ration with the largest portion of cobs. One year later 
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Burroughs et (1944) * also in Ohio» reported on. the 
nutritive value of corn cobs in beef cattle rations. After 
conducting five digestion trials they obtained average 
value for corn cobs of 51%. Based on a TDK value of 81% for 
No. 2 corn, it was concluded that cobs should have a feeding 
value of 62% of the corn grain. They then subjected 12 lots 
of cattle over a two year period to three different rations; 
CD regular corn and cob meal, (2) double cob in regular corn 
and cob meal, and (3) ground shelled corn containing no cob. 
Calves were used the first year and yearlings the second. Two 
pounds of mineralized soybean oil meal and approximately .4 lb. 
of mixed hay were fed each steer daily along with a full feed 
of grain. The gains were reported to be very similar for all 
three rations with com cobs being 63% as valuable as the 
grain for feeding steers. These results were confirmed by 
Burroughs and associates (1945) with a similar study one year 
later. 
Using cobs as the sole source of roughage for feeding 
cattle, Geurin and associates (1955) at Ralston Purina 
presented data in which feedlot cattle gained 2.24, 2.45 and 
2.72 lb. daily in three successive tests. When these gains 
were compared to similar rations with hay as the source of 
roughage, the gains were quite comparable. 
4Q 
Genetic Factors Affecting Beef 
Cattle Performance 
Selection - heritability 
There is little question concerning the involvement of 
genetics in the performance of beef cattle in the feedlot. 
The degree to which the genetic make—up of the individual 
shares in the overall performance depends upon the traits of 
interest, and even then the genetic influence for the 
particular trait or traits is not always specifically 
discernible. 
Heritability estimates for beef cattle post-weaning gain, 
feed intake and feed efficiency have been determined under 
many varied conditions and used in various selection pro­
cedures. Estimates of heritability for post-weaning gain alone 
have received considerable attention and have encompassed quite 
a range. The highest estimate was that reported by Brown and 
Gacula (1964) in Arkansas^. Using data from performance test 
records of Hereford, Angus and Shorthorn sires and their 
progeny that were raised and performance tested at the 
Arkansas Agricultural Experiment Station during the years 1951 
through 1962, they estimated heritability of daily gain on 
test to be .93. This was based on the regression of offspring 
on sire using 201 male progeny belonging to 20 sire groups. 
Knapp and Clark (1950, 1951) at the U. S. Range Live­
stock Experiment Station, Miles City, Montana, obtained 
heritability estimates for gain on feed fay the half-sib 
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correlation method. The first estimate of .65 was based on 
the progeny of 110 Hereford sires an,d the second estimate of 
.70 was b^sed oa €13 steers from @3 Hereford sires. Using 
data from the same station collected over a 10 year period 
{1942 1951) and involving 635 steers from grade cows mated 
to 88 sires from 9 lines, Shelby et al. (1955) computed 
heritability of feedlot gain by the method of paternal half-
sib correlation and obtained a value of .60. Blackwell and 
associates (1962) in New Mexico and Koch et al. (1963) in 
Nebraska, found similar values of .76 and .65, respectively. 
A heritability estimate for feedlot gain was also 
obtained by Busch and Dinkel (1967) in South Dakota. Using 679 
grade Hereford steers out of 70 sires from 18 ranches over an 
eight year period, they used the paternal half-sib correlation 
method and obtained an estimate of heritability of .55. 
Warwick and Cartwright (1955), in Texas, obtained a similar 
estimate of .54 using 853 head of cattle consisting of two 
breeds, one cross and three sex classifications. 
Koch and Clark (1955a) , a't the U. S. Range Livestock 
Experiment Station, Miles City, Montana, used 4553 calves to 
estimate the heritability of gain from weaning to yearling age. 
They reported a value of ^39 which agreed quite closely with a 
value of .40 obtained by Swiger (1961). However, in the later 
case the heritability estimate was based on records from a 
purebred Hereford herd in southern Ohio where all calves were 
weaned at an average age of 230 days and immediately placed on 
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a, 140 day feeding test. 
Even lower estimates of heritability for gain have been 
reported. Dawsoa and associates (1355), at Beltsville, 
estimated heritability of gain for 58 milking Shorthorn steers 
using the paternal half-sib correlation method. They reported 
an estimate of .18. A similar estimate of .18 was reported by 
Koch and Clark (1955b), in Montana, using 4234 dam-offspring 
pairs and 85 sire-offspring pairs to estimate heritability of 
gain from weaning to fall yearling age. 
Heritability estimates for feed consumption were reported 
by Koch et al. (1963) in Nebraska, where heritability for feed 
consumption was estimated to be .64, and by Brown and Gacula 
(1964) in Arkansas, who estimated heritability to be .43 for 
this trait. 
Using 201 male progeny belonging to 20 sire groups. Brown 
and Gacula (1964) estimated the heritability of feed 
efficiency to be .41 when based on the regression of offspring 
on sire. Koch et al. (1963), in Nebraska, using 1324 bulls 
and heifers obtained a heritability estimate of .36 for feed 
efficiency. At the U. S. Range Livestock Experiment Station 
in Miles City, Montana, Shelby and associates (1955) observed 
the heritability of feed efficiency to be .22 when coiqputed by 
the method of paternal half-sib correlation. Dawson and 
associates (1955), at Beltsville, Maryland, found the feed 
efficiency of 58 milking Shorthorn steers to be only .03 
heritatble when using the paternal half—sib correlation method 
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to estimate heritability. 
Swiger aad Hazel (1961), in Iowa,found in their study that 
to a large extent the same genes affect gaia in weight of beef 
cattle during different parts of the growing period up to a 
year of age. Their results indicated that a short post-
weaning evaluation of about 3 months was adequate for selecting 
for weight at a year of age when all calves were self-fed on a 
high concentrate ration during the post-weaning period under 
these conditions. 
In an effort to determine the effect of length of the 
feeding period on accuracy of selection for gain and feed 
consumption in beef cattler Swiger et (1961) using data 
obtained at the DSDA Fort Robinson Station and the University 
of Nebraska, combined weaning weight and gain in three 
successive 56-day periods into indexes predicting the genie 
effects for 368-day weight and for 168-day feedlot gain. Feed 
consumption in the three 56-day periods was used to predict 
the genie effects for 168-day post-weaning consumption. They 
observed that the indexes predicting the genie effects for 
168-day gain and feed consumption indicated that accuracy 
would be increased for both traits by including information 
from the entire 168—day test. 
The selection of beef cattle for economical gain was 
studied by Swigé^r and associates (1962) at Fort Robinson and 
Lincoln, Nebraska. Indexes were derived predicting the genie 
values for the cost of producing a 1000 lb. beef animal using 
u 
weaning weight, post-weaning average daily gain and estimated 
feed consumption from weaning to lOûtt lb. Cost of producing 
a 1000 lb. animal was defined in terms of days from weaning to 
lOOQ lb. and feed consumed from weaning to 1000 lb. When they 
selected for a combination of weaning weight and post-weaning 
average daily gain, it resulted in 0.73 as much genetic change 
in net merit as when the individuals feed consumption was also 
included in the index. 
Inbreeding 
The effects of inbreeding and selection on performance 
characteristics of beef cattle were studied by Alexander and 
Bogart (1961) in Oregon. Using 280 calves from four inbred 
lines of Hereford and Angus cattle, they were unable to detect 
any evidence of effect of inbreeding of the calf on birth 
weight, post-weaning rate of gain or feed econon^ during 
performance testing. It was stated that failure of" inbreeding 
to depress feed-test criteria could have been due to the 
compensation of selection for the expected inbreeding 
depression^ 
Dinkel et eQ.. (1968) , in South Dakota, used 860 purebred 
Hereford calves bom in a continuous inbreeding experiment to 
study the effects of inbreeding on growth and conformation. 
While the inbreeding reached 30% in the calves and 25% in the 
dams, the inbreeding effects seemed to be more important on 
weôœixig traits than on post-leaning traits, although signifi­
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cant linear and quadratic effects of inbreeding were found at 
both ages» 
Heterosis 
The effect of heterosis on growth rate and feed efficiency 
of beef steers was investigated by Gregory and associates 
(1966) in Nebraska. Hereford, Angus and Shorthorn breeds and 
all reciprocal crosses among them were included in this study. 
Following weaning, at an average age of 200 days, the steers 
were subjected to a^ 252-day feeding period on a growing-
fattening ration of approximately 65% TDN. Heterosis effects 
on growth rate decreased with increasing age when studied by 
three 84-day periods although it was found to be significant 
except in the third 84-day period. They found heterosis to 
have a small and generally non-significant effect on feed 
efficiency. Furthermore, they observed that heterosis effects 
were larger in the Hereford x Angus and the Hereford x Short­
horn crosses than in the Angus x Shorthorn cross, Thus they 
concluded that the Hereford breed contributed more than either 
the Angus or Shorthorn breeds to the average heterosis effects. 
Urick et al. (1968) , at the U. S^ Range Livestock Experi­
ment Station, Miles City, Montana, used 229 bulls from crossing 
five inbred lines of Hereford cattle to estimate the amount of 
heterosis in post-weaning gain. They found heterosis to be 
equal to 2.9% for the total 196-day post-weaning gain. 
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Based on records obtained from 1961 to 1966 on 297 beef 
steers, of which 204 were straightbreds and 93 single crosses 
of all matings amoag Anguse Brahman* Erangus and Hereford 
breedse Mailhes and Turner (1969) in Louisiana, determined the 
heterotic effects on feedlot gain. They observed in their 
study that the Angus x Brahman crossbred steers exhibited 
heterosis for feedlot average daily gain of 30.9% which was 
superior to all other breed combinations (P < .05). 
Breed 
Cole and associates (1963),-in Tennessee, investigated 
the effects of breed upon certain production traits involving 
a total of 154 steers comprised of Holstein, Jersey, Hereford, 
Angus, Santa Gertrudis, Brahman and Brahman x Hereford or 
Angus breeding. They observed the Holsteins to be the most 
rapid gaining followed in order by the Santa Gertrudis, 
Brahman crossbreds, Herefords, Angus, Jersey and Brahman. The 
most efficient feed converters were the Holsteins followed by 
the Brahman crossbreds, Herefords, Santa Gertrudis, Angus, 
Brahman and Jerseys. When they categorized these breeds 
according to breed type the dairy breeds were the most rapid 
gaining and most efficient and the Zebu the slowest gaining 
and least efficient With the British breeds being intermedi âte 
in both production traits. 
In a study described previously, Gregory et al. (1966) 
compared the Hereford, Angus and Shorthorn breeds for rate of 
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gain and feed efficiency. They noted that the Herefords were 
superior in average daily gain and feed conversion to the 
Shorthorns and Angus. While the Shorthorns were superior to 
the Angus in these same two traits, because of the increased 
fatness of the Shorthorn carcass and the slight advantage for 
the Angus in weaning weight, the Angus were superior to the 
Shorthorns in amount of retail product per unit of TDN 
consumed from weaning to slaughter. 
The energetic efficiency of Hereford, Brahman and 
Holstein cattle was compared by Garrett (1965) in California. 
Based on his sampling of the three breeds he concluded from 
his study that all three breeds were about equal in the 
efficiency of utilization of feed for maintenance, but that 
Brahman and Holstein were less efficient {87 and 73%, 
respectively) in converting feed energy into body energy than 
Herefords. 
Type 
A total of 350 Hereford steers of similar breeding were 
selected by Knox and Koger (1946), in New Mexico, to compare 
gains of different types of cattle. These cattle were weaned 
at approximately 12 months of age and allowed to run on 
pasture until they were about 19 months old. At that time they 
were classified as "compact", "medium" or "rangy" and placed 
on feed for 169 days. They noted that cattle classified as 
"rangy" when put on feed weighed more and gained more than 
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"compact" steers. ''Medium" type steers were intermediate in 
each case. However, when they adjusted for differences in 
initial weight differences in gain were no longer significant, 
although still in favor of the "rangy" type cattle. 
Willey and associates (1951), in Texas, compared seven 
"comprest" and seven "regular" type Hereford steers from the 
same ranch for average daily gain and feed efficiency under 
feedlot conditions. The cattle were self-fed for 112 days on 
a mixture calculated to promote normal growth. Following this 
they received individually a feed mixture containing approxi­
mately 59% concentrate for 173 days. These workers observed 
that "regular" type steers had significantly higher daily 
gains and slightly, but not significant, higher feed efficiency 
values than steers of the "comprest" type. Similar findings 
were reported by Stonaker et (1952) in Colorado. They 
compared "comprest" and "conventional" type steers and 
observed that little difference existed in efficiency of gain 
between the two types; however, the "conventional" type steers 
had higher feed intake and gained more rapidly per day. 
The nutrient utilization of "compact" and "conventional" 
type Shorthorn steers was investigated by Washburn and 
associates (1948) in Colorado^ They indicated that, based on 
preliminary data, no appreciable differences in food capacity 
per unit of body weight and digestibility of nutrients occurred 
between the two types of steers. However, they noted that 
"conventional" type steers exhibited greater ability than 
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"'compacts'* to use digested dry matter during growth» 
Kidwell and McConttic^c (1356), in Nevada, investigated the 
influence of size and type on growth and development of 35 
"conventional" Herefords and 39 Holstein steers. They 
observed no indication of breed effect in their analysis other 
than body size. They then concluded on the basis of their 
data and under the conditions of their study that, at a given 
weight or age, animals of a larger mature size gained more 
rapidly and on less feed. 
Sex 
Bailey and associates (1966), in Nevada, studied the 
relative growth rate and feed utilization of bulls and steers. 
They observed that bulls gained more rapidly and were more 
efficient in feed conversion while in the feedlot. However, 
when steers were implanted with 24 mg. of stilbestrol there 
was a significant increase in growth rate and feed efficiency; 
conversely, when bulls were implanted with 60 mg. of 
stilbestrol there was very little improvement in growth rate. 
The differences in gain and feed efficiency of bulls not 
implanted and steers implanted with stilbestrol were negligible. 
In a 234-d^ feedlot study comparing the growth rate and 
feed efficiency of 64 steers and 64 heifers in Michigan, 
Hawkins et al. (1967) found that steers significantly out-
gained heifers (2.47 Vs. 2.14 lb. per day) and required less 
feed per 100 lb. of gain (738 vs. 788 lb.J. In a similar study 
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in Florida^ involving four different trials with 69 bulls, 
63 steers and 69 heifers, Wyriek and associates (1969% noted 
that bulls gained significantly (P < .01} faster than either 
steers or heifers. 
In a study designed to compare the feed utilization of 
purebred Angus and Hereford bulls and heifers in Oregon, Nelms 
and Bogart (1955) stated that at body weights of 500 to 800 lb. 
bulls decreased in efficiency more rapidly than heifers? 
however, bulls were still more efficient at 800 lb. than 
heifers. 
Phenotypic Correlations - Gain, Feed 
Intake and Feed Efficiency 
An analysis of gains of 422 steers from 43 different sires 
was made at the U. S. Range Livestock Experiment Station, 
Miles City, Montana, and the North Montana Branch Station, 
Havre, Montana, by Knapp and Clark (1947). All steers were 
reportedly fed at least 252 days with the feeding period being 
divided into three 84-day periods for purpose of analysis. 
They reported the phenotypic correlation between periods one 
and two as 0.26, between periods one and three as 0.18 and 
between periods two and three as 0.39 with all of the correla­
tions being statistically different. This is in good agreement 
with Koger and Knox (1951) in Kew Mexico, who observed that 
growth on the range at different periods was positively 
correlated. They also found that growth rate on the range was 
positively correlated with subsequent growth in the feedlot. 
SX 
Knapp and Baker (1944), at the O. S. Range Livestock 
Experiment Station, Miles City, Montana, selected six to eight 
steers from each of nine bulls and fed them individually a 
ration consisting of a grain mixture and alfalfa hay for a 
273-day period. They observed a correlation value of 0.49 
between rate of gain and feed efficiency (actually referring 
to an inverse relationship) and felt the correlation would 
have been higher had the initial weights (298 to 492 lb.) and 
final weights (759 to 1134 lb.) been of a narrower range and 
in addition, if the cattle had not been subjected to a time-
constant feeding period. They suggested that correlations 
between rate of gain and feed efficiency should be made only 
between animals of the same size. 
Using four groups of 10 to 16 Hereford steers, being 
individually fed the amount of feed eaten by the least hungry 
steer the previous day, Kruse et al. (1966) reported on the 
correlation of growth rate and feed efficiency of steers 
raised in Texas. They did not cite a specific correlation 
value but did mention that the highest gaining steers were the 
most efficient in each group in terms of feed eaten per pound 
of gain and that these two traits were correlated in an 
inverse manner. Nelms and Bogart (1955), in Oregon, reported 
the same finding in an investigation described previously 
herein. 
S2 
Guilbert and Gregory {1944), in California, conducted a 
study involving four gets of sire each consisting of 10 head 
of steers weighing approximately 500 lb» All the cattle were 
fed according to appetite and removed from the test at about 
an equal degree of finish. Under these conditions they 
observed that two lots having the seme rate of gain differed 
significantly in feed efficiency. Two groups having the same 
economy of gain differed significantly in rate of gain. Thus 
absolute rate of gain was not thought to be a satisfactory 
index of economy of gain in groups differing in potential 
mature size and in earliness of maturity. The relative rate 
of gain and relative feed capacity (gain and feed capacity per 
3/4 
unit of metabolic body size, weight ') were highly correlated 
with efficiency of feed utilization and with each other. 
Magee (1962), in Michigan, reported on a study relating 
daily feed consumption and feed efficiency in hogs. In 80 
Yorkshire boars raised in six groups the relationship between 
daily feed consumption and "desirable feed efficiency" 
(meaning the lower the feed efficiency the better) was negative 
in all groups and was highly significant (P < .01) on a 
within group basis (-.37). Re reported that the relationship 
between daily feed consumed and daily gain appeared to be 
linear. 
In a study involving Angus and Hereford calves in Oregon, 
Bogart atnd associates (1963) observed that growth rate and 
efficiency of feed conversion were negatively associated with 
53; 
amino acid, nitrogen and urea nitrogen levels of the blood and 
urea nitrogen of the urine. They suggested that the younger 
(smaller) animal was more ef ficient in withdrawing amino acids 
from the blood to develop muscular tissue resulting in lower 
blood and urine levels of amino acids and their metabolites, 
whereas, the older (larger) animal was less efficient, 
deaminized amino acids and excreted larger quantities of urea. 
They concluded therefore that rapidly growing animals resembled 
younger animals physiologically. 
In a study described previously, Koch et (1963) using 
bulls and heifers made a path analysis of feed efficiency 
(gain adjusted for feed consumption), feed consumption and 
gain. Their analysis indicated that 38% of the variation in 
gain could be attributed directly to genetic differences in 
feed efficiency. Genetic differences in feed consumption 
accounted for 25% of the variation in gain. The remaining 37% 
of the variation in gain was accounted for by variation in 
environmental influences. They obtained genetic correlations 
between feed efficiency and gain of 0.79, between feed con­
sumption and gain of 0.64 and between feed efficiency and feed 
consumption 0.04. Thus they concluded that selecting for gains 
should be effective and lead to both increased feed efficiency 
and increased feed consunç>tion. Selecting for feed efficiency 
should increase feed efficiency and result in increased daily 
gain, but feed consumption should not be affected. Further­
more, they stated that selection for feed consumption should 
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increase feed consumption and daily gain, but should lead to 
no improvement in feed efficiency other than that attributable 
to a, smaller portion of the intake being used for maintenance. 
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MATERIALS AND METHODS 
This study was conducted at the Allee Experimental Pana 
located one mile south of Kev^ell in. Beuna Vista County, lovra» 
Newell is located near the center of the northwestern quarter 
of the state. Trial I was conducted from November 1961 to 
March 1962 and was classified as a winter trial. Trial II 
began in April 1962 and concluded in September 1962 and was 
classified as a summer trial. Except for the summer of 1963 
and the winter of 1963-64 two trials were conducted each 12 
month period through the winter of 1967-68. Data were 
collected on an individual steer basis for rate of gain and 
carcass composition. Data on feed intake, feed efficiency and 
water consumption were on a lot basis. 
Experimental Procedure 
Six lots were constructed in the summer of 1961. Each 
lot, 35 ft. wide and 100 ft. long, was oriented north and 
south with four percent of slope to the south, A 12 ft. wide 
service drive was provided between each pair of lots (lots 1 
and 2 equalling one pair, etc.) along with a nine-foot wide 
concrete surface drain running parallel to the southern end of 
the six lots. Each lot was enclosed with five strands of 
3/3-inch stranded cable fencing spaced 16, 24, 32, 40 and 50 
inches above the lot surface supported by wood posts spaced 
approximately nine feet apart. Automatic waterers were 
located in the partition fence between each pair of lots so 
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that each lot had access to only one water bowl. Each lot 
contained a self-feeder located near the service drive and 
opposite the automatic waterers and with a capacity of one to 
two tons of complete mixed ration. 
Shelter for lots 1* 2 and 3 was provided in the south end 
of an old barn adjacent to the north end of these three lots. 
The haymow was removed from the barn so that the shelter areas 
for the three lots shared a common volume of air. The under-
roof area for each of the three sheltered lots was approxi­
mately 30 ft. sq. (900 sq. ft.). The surface inside the barn 
was dirt. Entry was through doors in the south end of the 
barn. The three lots without overhead shelter (lots 4, 5 and 
6) were provided with a board windbreak seven feet high across 
the north end of the lot. 
A four-inch thick concrete surface was provided for lots 
3 and 4, with lots 2 and 5 having an all dirt surface except 
for a 10 ft- wide concrete pavement running along the north 
end of each lot. Lots 1 and 6 were partially paved by placing 
a strip of concrete around the self-feeders and the waterers 
in addition to the 10 ft. wide concrete pavement running along 
the north end. Bedding was not used in any of the lots at any 
time. 
The total average number of steers per lot ranged from 18 
to 22 per trial. This allowed 175 sq. ft. per steer in the 
outside area of each lot with an additional 45 sq. ft. of 
shelter area per steer in lots 1, 2 and 3. 
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The temperature and precipitatioa data in Tables 1 and 2 
are freaa the U» S% Weather Bureau Station, at Storm I»ake 
(approximately 12 miles from Newell). 
Yearling cattle predominantly of Hereford and Angus 
breeding were used., h few steers in acme trials showed 
indications of Brahman breeding. Following arrival at the 
farm the steers were allowed to regain their original pay 
weight before being placed on experiment. After having regained 
their weight loss due to shipment, they were individually 
identified and then weighed twice to obtain an average starting 
test weight (Table 3). Allotment to treatment was from within 
breed character groups by weight. Customarily, weights were 
obtained at 28-day intervals but there were exceptions due to 
weather and other factors. Weights were obtained in all cases 
in the morning and the lots were weighed in the same lot 
sequence. Off-test weights and number of days on test are 
shown in Table 3. 
Following arrival at the farm the steers had access to a 
complete mixed ration containing 65% ground com cobs. After 
a short adaptation period on this ration the cob level was 
lowered in integrals of 10 percent per week until the cattle 
were on thé ration they were to receive throughout the 
remainder of the test. Cattle in Trials I, II and III 
received the sequence of rations shown in Table 4. Cattle in 
Trials IV, V amd VI were offered the series of rations through 
Table 1. Precipitation and temperature data, Storm Lake, Iowa 
Precip. Snow Ave. Highest Lowest No. days max. No. days min, 
(in|.) (in.) temp. temp. temp. 90®P. 32®P, 32° F, O^F, 
("F.) (®P.) (*F,) or above or below or below or below 
1961 
Oct 2.21 0.0 51.2* 81° 25* 0 0 8 0 
Nov 0.92 4.0 32.8° 63° 5* 0 5 27 0 
Deo 1.16 13.9 16.0» 53° -18* 0 22 30 14 
1962 
Jan 0.09 1.5 913° 40° -22* 0 23 31 16 
Feb 1.60 2 4 . 0  18.1» 48* -23* 0 19 28 7 
Mar 1.08 10.6 22,6° 61° -24° 0 16 31 6 
Apr 2.20 0.5 4:3.9° 83* 17* 0 0 19 0 
May 3.81 0.0 63.3° 86° 41* 0 0 0 0 
June 3.35 0.0 66.1° 90* 43* 1 0 0 0 
July 6.65 0.0 70.0° 93* 48* 2 0 0 0 
Aug 9.20 0.0 69.2° 90* 50* 1 0 0 0 
Sept 1.70 0.0 57.5* 86* 32* 0 0 2 0 
Oct 1.23 0.5 52.9° 84* 20* 0 0 9 0 
Nov 0.26 0.0 37.7* 63* 15* 0 1 24 0 
Deo 0.10 4,0 22.4° 60* -18° 0 16 28 7 
1963 
Jan 0.24 5.8 6.4° 54* -23* 0 26 • 31 21 
Feb 0.51 6,4 16.0° 57* -13° 0 20 28 14 
Mar 1.10 6,9 35.6° 80* 7* 0 4 25 0 
Apr 2,44 0,0 48.4* 82* 21* 0 0 11 0 
^Precip. is water equivalent of all moistur,e which fell. 
Table 1 (Continued) 
Precip. Snow Ave. Highest Lowest 
(in.) (in.) temp. temp. temp. 
(°F.) CF.) CF.) 
1964 
Jan 0. 20 
Feb 0, 12 
Mar 0. 92 
Apr 3. 07 
May 3. 34 
June 3. 79 
July 3. 43 
Aug 4. 38 
Sept 3, 53 
Oat 0, 67 
Nov 0. 44 
Deo 0, 83 
1965 
Jan 0, 32 
Feb 0, 99 
Mar 1, 92 
Apr 3, 28 
May 5, 78 
June 2, 04 
July 1. 33 
Aug 2. 46 
Sept 12. 45 
Oct , 78 
Nov , 62 
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Table 1 (Continued) 
Precip, Snow Ave. Highest Lowest No. days max. No, days min, 
(in.) (in.) temp, temp. temp. 90°F. 32°P, 32®F. 0*F, 
(°F,) (*F,) CF.) or above or below or below or below 
1966 
Jan 1.05 4.4 8.1» 43* -28* 0 24 31 18 
Feb ,43 1,3 18,0* 52* - 8* 0 14 27 13 
Mar 1,92 8,0 36,5* 75* 1* 0 4 24 0 
Apr 1,07 1.8 40,9* 79* 19* 0 0 23 0 
Nay 2,03 0.0 53,3* 85* 23* 0 0 9 0 
June 2.21 0.0 66,6* 90* 41* 1 0 0 0 
July 1.92 0.0 74,7* 101* 50* 13 0 0 0 
Aug 3.66 0,0 66,4* 93* 44* 2 0 0 0 
Sept 1.25 0.0 59,3* 85* 32* 0 0 1 0 
Oct 1.02 1.0 48,9* 82* 22* 0 0 15 0 
Nov .08 0,0 31,5* 66* 1* 0 3 27 0 
Dec .39 8.5 19,5* 51* - 6* 0 19 31 13 
1967 
Jan .50 2.5 16,4* 43* -25* 0 20 31 13 
Feb ,14 6.3 15.0* 57* -18* 0 15 28 15 
Mar ,51 0.0 34.4* 85* - 8* 0 3 27 2 
Apr 3,10 0.0 45,2* 83* 17* 0 0 17 0 
May 2.44 0,0 51,8* 97* 20* 2 0 12 0 
June 10,81 0.0 66,5* 86* 45* 0 0 0 0 
July 2,61 0.0 69.8* 92* 42* 2 0 0 0 
Aug 3.01 0.0 67.0* 89* 39* 0 0 0 0 
Sept 1,55 0.0 58.9* 84* 30* 0 0 3 0 
Oct 1,42 0.0 48.3* 83* 15* 0 0 12 0 
Nov 0,10 0.3 33.4* 65* 6* 0 5 27 0 
Dec 0,74 4.0 24.2* 52* . -17* 0 12 31 3 
1968 
Jan 0,42 5.1 15.8* 49* -17* 0 ' 19 31 11 
Feb 0,13 0,8 19.0* 50* -10* 0 16 29 11 
Mar 0,57 0.0 38.7* 82* - 2* 0 4 23 1 
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Table 2. Average monthly precipitation and temperature. 
Storm Lake, Iowa (1931 - 1960) 
Precipitation Average 
(in.} temperature (*F.) 
January 0.74 17,5 
February 1.03 21.2 
March 1.63 31.6 
April 2.26 47.3 
May 3.99 59.4 
June 4.47 69.1 
July 3.73 74.3 
August 3.40 72.2 
September 2.84 63.6 
October 1.68 51.8 
November 1.33 34.2 
December 0.79 22.6 
ration (Table 5), except for lots 1 and 6 in Trial VI in 
which ration was fed during the remainder of the test. In 
Trials VII through XI rations A through (Table 6) were 
offered to all cattle with the exception of lots 1 and 6 in 
Trials VII, VIII, IX and X Which continued oh to ration Fg, 
lots 2 and 5 in Trials IX and X which continued on to ration 
Fg and lots 1 and 6 in Trial XI which were fed ration Gg for 
the remainder of the test. 
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Table 3, Average initial and final weights and number of days 
on test 
Average Average Number of days 
initial weight final weight on test 
Winter 
1961-62 (Trial I) 744 lb. 1060 lb. 115 
1962-63 ( " III) 681 It 1048 II 121 
1964-65 ( V) 681 K 1020 II 154 
1965-66 { " VII) 604 II 1014 II 163 
1966-67 ( IX) 619 n 1002 n 152 
1967-68 ( XI) 564 ti 934 It 131 
Summer 
1962 (Trial II) 702 lb. 1102 lb. 141 
1964 ( " IV) 810 » 1151 11 139 
1965 { " VI) 646 It 1042 II 140 
1966 ( " VIII) 678 It 1076 It 141 
1967 ( " X) 610 II 1063 II 147 
Table 4. Complete mixed rations used in Trials I, II and III 
Ration A B C D E 
Ingredient 
Corn 264* 484 724 962 1200 
Corn cobs 1300 1100 900 700 500 
Soybean meal 140 120 80 60 40 
Alfalfa, dehydrated 100 100 100 100 100 
Urea 15 15 15 15 15 
StiIbestrol , 1 1 1 1 1 
Mineral pre-mix 80 80 80 60 40 
Limestone — — — — — — 2 4 
Molasses 100 100 100 100 100 
bounds of ingredient per ton of complete mixed ration-
^Mineral pre-mix includes: 51.5% soybean meal, 23.5% di-
calcium phosphate, 25% trace mineral salt. 
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Table 5» Complete mixed rations used in Trial IV, V and VI 
Ration A B 
^2 I>2 ^2 ^2 
Ingredient 
Corn 264^ 484 900 1100 1300 1515 
Corn cobs 1300 1100 930 730 540 340 
Soybean meal 140 120 — — —  — — — —  — ~ 
Alfalfa, dehydrated 100 100 " — — — —  —  
Urea 15 15 — — 
Stilbestrol . 1 1 — — —- — 
Mineral pre-mix 80 80 — ———— —— —— 
Protein-mineral pre--mix^ ———— 170 170 160 140 
Limestone ————• — —— — —  — —  — — — — 5 
Molasses 100 100 
bounds of ingredient per ton of complete mixed ration. 
^Mineral pre-mix includes: 51.5% soybean meal, 23.5% di-
calcium phosphate, 25% trace mineral salt. 
Protein-mineral pre-mix includes: 25.7% soybean meal, 
10.8% di-calcium phosphate, 11.5% trace mineral salt, 12.7% 
urea, 28.8% dehydrated alfalfa, .5% stilbestrol. 
Ration ingredients were purchased from the Newell Cooper­
ative Elevator where they were processed and blended before 
delivery in bulk form into the self-feeders in each lot. The 
cattle were fed ad libitum at all times. 
Water which tested approximately 27 grains hardness was 
provided in Nelson automatic waterers equipped with electric 
heatersi The Nelson waterers were replaced in the summer of 
1966 with Ritchie automatic waterers. Each test lot was 
supplied by a separate line equipped with a metering device to 
measure water consumption. 
Table 6. Complete mixed rations used in Trials VII, VIII, IX, X and XI 
Ration A B c Dg 
^2 ^2 ^3 *2 
Ingredient 
Corn 264^ 484 739 1100 1300 1520 1546 1760 
Cobs 1300 1100 ' 900 714 540 340 340 100 
SBOM 181 161 100 80 55 40 18 40 
Urea 15 15 20 20 20 16 11 16 
Molasses 100 100 100 45 45 45 ----
Dehy, 100 100 100 45 45 45 45 45 
Dical 19 19 10 10 10 10 10 10 
Limestone 10 10 10 10 10 10 
TMS 20 20 20 20 20 20 20 20 
DBS ,5 .5 . 5 . 5 . 5 « 5 . 5 ,5 
Vitamin A . 5 , 5 , 5 . 5 5 ,5 
Calculated analysis; 
Crude protein, % mmmm 9. 25 9. 8 10. 3 10. 3 9, 3 11,4 
Calcium, % , 43 , 37 , 36 36 # 36 ,36 
Phosphorus, % . 26 . 30 . 32 35 » 35 .37 
Net energy for 
maintenance (NEM) —  *  — —  —  —  — —  — — — —  — — — —  79, 0 83, 0 84, 0 85,8 
Net energy for 
production (NEP) 46. 0 49, 0 49, 0 55,1 
^Pounds of ingredient per ton of complete mixed ration. 
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Statistical Procedures 
Least squares procedures and analysis of variance for 
unequal subclass numbers were used to analyze the effects of 
shelter emd surface upon average daily gain, feed consumption 
and feed efficiency. The following model was used in Trials I 
through V; 
^ijk = W + Si + bj + 
where ^ijk ~ ^  particular trait 
U = overall mean 
aj^ = effect of the i^ shelter, i = 1, 2 
bj = effect of the surface, j = 1, 2, 3 
e . =  r a n d o m  e r r o r  a s s o c i a t e d  w i t h  a  p a r t i c u l a r  
observation on a single pen, k = 1, 2,...,6 
with the following restrictions : E a. = 0 and E b. = 0. In 
i ^ j ^ 
Trials VI through XI the model was altered only to the extent 
that the independent variable of surface (b^) was deleted. In 
both cases the effects were all considered to be fixed. 
In order to test for the interaction of shelter and sur­
face in Triais I through V the same procedures as above were 
followed with the model being expanded to include the follow­
ing r 
= W + *1 + bj + + {ab)ij + (ac) + (bOjt + 
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where ^ particular trait 
U = overall mean 
a^ = effect of the i^ year-seasoRe i = 2e...5 
bj = effect of the 3^ shelter^ j = 1, 2 
Cj^ = effect of the surface, k = 1, 2, 3 
(ab) = effect of the interaction of the i^ year-
season and the shelter 
(ac) = effect of the interaction of the i^ year-
season and the k^ surface 
(be) = effect of the interaction of the shelter 
and the k^ surface 
®ijkJl ~ random error associated with a particular 
observation on a single pen, £. = 1, 2,...6 
with the following restrictions: Ea. =0, Zb.=0, Ec, =0, 
i ^ i 3 k ^ 
E (ab) . . = Of E (ab) . . = 0, E (ac).. = 0, E (ac).. = 0, 
i 13 j 3-3 ^ IK iK 
E (be) ., = 0 and E (be) - 0. With the exception of year-
i k 
season and the interactions involving year-season the effects 
were considered fixed. 
The t-test was used to test for differences between the 
pooled means of all trials for each treatment effect within 
each season. The difference between the pooled means for 
shelter in summer and the pooled means for no shelter in summer 
6? 
was compared with the difference between these two pooled means 
in winter by use of the t-test. 
6S 
RBSmTS 
The results for rate of gain, feed consumption and feed 
efficiency as influenced by shelter and surface are based on 
the first 112 days of the feeding period. The effects of 
shelter upon these quantitative traits was studied in all 
eleven trials and the effects of surface studied in the first 
five trials (Trials I through V). A preliminary analysis of 
the data suggested lot surface did not have a significant 
influence on performance and was therefore ignored in the later 
tests. 
Rate of Gain 
There was no significant effect of shelter in any of the 
five summer trials (Table 7), although in all cases rate of 
gain for the groups with shelter exceeded the nonshelter group. 
A similar trend was noted for the shelter groups in each of 
the six winter trials. The shelter group in Trial V (1964-
55) gained significantly faster (P < .05) than the nonshelter 
group (Table 8). 
Pooling of the data from all of the winter trials indicat­
ed that cattle with shelter gained 2.90 lb. per day compared 
to 2.54 lb. per day for those without shelter (Table 7). This 
difference was statistically significeint (P < .01). Pooling 
of the summer trials indicated that cattle with shelter gained 
3.00 lb. per day as opposed to 2.82 lb. per day for those with­
out shelter. This difference was also significant (P < .05). 
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1961-62 (I) 3.02^ 2.47 1962 (II) 3.24 3.00 
1962-63 (III) 2.93 2.51 1964 (IV) 2.55 2.31 
1964-65 (V) 2.75 2.34* 1965 (VI) 3.00 2.89 
1965-66 (VII) 2.86 2.66 1966 (VIII) 2.96 2.78 
1966-67 (IX) 2.91 2.49 1967 (X) 3.23 3.11 
1967-68 (XI) 2.92 2.72 
X 2.90 2.54* * 3.00 2.82* 
D .36 .18 
bounds per day. 
*(P < .05) . 
* *  (P < .01) . 
Table 8. Analysis of variance 
(1964-65) 









Shelter 1 4.6495 4. 6495 74.87* 
Surface 2 0.5793 0. 2896 4.66 
Error 2 0.1242 0. 0621 
*(P < .05). 
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The pooled roean difference between the shelter and nonshelter 
was .36 lb. in winter and .18 lb. in simmer. The difference 
between the two means approached the .05 level of probability. 
No significant effect of feedlot surface was observed in 
any of the trials (Table 9) ; however» when the data were pooled 
within season the cattle on an all concrete surface in summer 
gained slightly faster them cattle with access to all dirt or 
part concrete surfaces. Based on the pooled data for the 
winter tests, a slight advantage in gain was observed for 
cattle on dirt. 
Testing of the pooled data for the first five trials 
indicated no significant interaction of shelter and surface on 
rate of gain. 
Feed Consumption 
The daily feed consun^tlon was not influenced to any 
significant degree in any of the trials by the presence or 
absence of shelter (Table 10). When the individual trials 
were pooled within season the cattle with shelter in the summer 
consumed on the average .51 lb. more feed daily than the cattle 
without shelter; however, this difference was not statistically 
significant. Although the mean difference was only .10 Ib^ 
shelter tended to show a reverse effect in the winter season^ 
A significant effect (P < .05) of type of surface on feed 
consunçition appeared in two of the five trials studied 
Table 9. Effect of season and paving on average daily gain 
Winter 
Part 
Treatment Dirt concrete Concrete 
Year 
1961-62 (I) 2 . 9 3 *  2.68 2.63 
1962-63 (III) 2.63 2.72 2.82 
1964-65 (V) 2.61 2.58 2.45 
Summer 
Part 
Dirt concrete Concrete 
Year 
1962 (II) 3.01 3.03 3,32 
1964 (IV) 2.38 2.40 2,51 
2.71 2,92 2,72 2.66 2.64 2,69 
^Pounds per day. 
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Treatment Shelter shelter Shelter shelter 
Year Year 
1961-62 (I) 29.18^ 29.21 1962 (II) 26.98 26. 29 
1962-63 (III) 31.31 31.31 1964 (IV) 25.18 25. 15 
1964-65 (V) 25.74 25.96 1965 (VI) 25.96 24. 73 
1965-66 (VII) 24.82 24.24 1966 (VIII) 24.75 24. 75 
1966-67 (IX) 24.50 24.60 1967 (X) 25.14 24. 72 
1967-68 (XI) 24.21 24.98 
X 26.63 26.73 25.60 25. 09 
D .10 .51 
bounds per day. 
(Tables 11, 12 and 13). In Trial IV (Summer, 1964) the cattle 
on dirt consumed 25.14 lb., the cattle on part concrete con­
sumed 25.00 lb. and those on concrete consumed 25.36 lb. of 
feed daily. In Trial V (Winter, 1964-65) cattle in dirt lots 
had a daily feed intake of 25.31 lb., while those on part 
concrete consumed 26.27 lb. and those on all concrete 25.96 lb. 
of feed daily. When the data were pooled within seasons over 
ail trials the cattle on dirt in the winter had a lower feed 
intake than those on part concrete or concrete surfaces. This 
tendency was not evident in the summer tests. 









1961-62 (I) 2 8 . 9 0 *  29.29 29.40 1962 (II) 26.67 2 6 . 4 0  26,83 
1962-63 (III) 31.31 31.31 31.31 1964 (IV) 25.14 25.00 2 5 , 3 6 #  
1964-65 (V) 25.31 26.27 25.96* 
X 28.51 28.96 28.89 25.90 25.70 26.10 
^Pounds per day. 
*(P < .05). 
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Table 12. Analysis of variance for feed consumption - Trial IV 
(19&4i 
Source of Degrees of Sum of Mean 
variation freedom squares squares F-test 
Shelter 1 0.0014 0.0014 1.40 
Surface 2 0.1326 0.0663 66.30* 
Error 2 0.0020 0.0010 
*(P < .05>. 
Table 13. Analysis of variance for feed consumption - Trial V 
(1964-65) 
Source of Degrees of Sum of Mean 
variation freedom squares squares F-test 
Shelter 1 0.0683 0.0683 11.98 
Surface 2 0.9502 0.4751 83.35* 
Error 2 0.0114 0.0057 
*{P < .05). 
There was no interaction of shelter and surface when the 
feed consumption data were pooled for the first five trials. 
Feed Efficiency 
Shelter appeared to lower the feed requirements per pound 
of gain in all eleven trials (Table 14). In three winter 
trials (Trials I, V and IX, Tables 15, 16 and 17, respectively) 
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1961-62 (I) 9.73* 11.83* 1962 (II) 9.08 9.47* 
1962-63 (III) 10.68 12.50 1964 (IV) 9.88 10.92 
1964-65 (V) 9.39 11.08* 1965 (VI) 8.66 8.71 
1965-66 (VI) 8.48 8.94 1966 (VIII) 8.43 8.84 
1966-67 (IX) 8.32 9.65* 1967 (X) 7.78 7.83 
1967-68 (XI) 8.30 9.12 -
X 9.15 10.52** 8.77 9.15 
D 1.37 .38** 
bounds of feed per pound of gain. 
*{P < .05) . 
** (P < .01). 
Table 15. Analysis of variance for feed efficiency - Trial I 
(1961-62) 
Source of Degrees of Sum of Mean 
variation freedom squares squares F-test 
Shelter 1 6.5650 6.5650 21.01* 
Surface 2 1.5689 0.7844 2.51 
Error 2 0.6248 0.3124 
*CP < .05). 
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Shelter 1 4.3190 4.3190 18.16* 
Error 4 0.9512 0.2378 
* 
(P < .05) . 











Shelter 1 2.6288 2.6288 18.37* 
Error 4 0.5723 0.1431 
*(P < .05). 
and one sunnner trial (Trial II, Table 18) shelter significantly 
reduced (P < -05) the feed required per pound of gain. 
When the trials were pooled by season, feed conversion in 
winter was 9.15 lb. for shelter and 10^52 lb, for nonshelter 
(P < .01, Table 14). In the sunaner trials the effect of 
shelter Was less but still in favor of the shelter group. In 
testing the consistency of these pooled mean differences 
(winter versus summer) shelter had a significantly greater 
beneficial effect (P < .01) on feed efficiency in winter than 
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Table 18. Aï^alysis of variaace fox feed efficiettcy - Trial II 
(1962> 
Source of Degrees of Sum of Mean 
variation freedom squares squares F-test 
Shelter 1 0,2308 0.2308 22.19* 
Surface 2 0.0631 0.0316 3.04 
Error 2 0.0208 0.0104 
* (P < .05). 
in summer (1.37 versus 0.38 lb.). 
None of the five trials in which surface was considered 
showed any effect upon feed efficiency (Table 19). However 
upon pooling the trials by season there was some indication 
that cattle on dirt in winter were more efficient than those 
on either part concrete or concrete surface. In summer cattle 
on concrete appeared to be slightly more efficient than those 
Oh either part concrete or dirt. None of the differences eibove 
were statistically significant. 
There was no significant interaction of shelter and sur­
face on feed efficiency when the data were pooled from the 
first five trials. 
Table 19. Effect of season and paving on feed efficiency 
Treatment 
Winter Summer i 
Dirt 
Part 






1961-62 (I) 10,06* 11.06 11.22 1962 (II) 9,30 9,39 9.14 
1962-63 (III) 11.98 11.68 11.10 1964 (IV) 10.58 10.49 10,12 
1964-65 m 9.75 10.28 10.67 
X 10.60 11.01 11.00 9.94 9,94 
Ï 
9,63 
^Pounds; of feed per pound of gain. 
?» 
DISCUSSION 
The discussion will be confined to the effects of shelter 
and surface upon feedlot cattle rate of gain, feed consumption 
and feed efficiency within winter and summer seasons. 
Rate of Gain 
Rate of gain was found to favor shelter in all summer and 
winter trials with Trial V in the winter being significantly 
(P < .05) influenced by shelter. When the data for all trials 
were pooled by season, cattle with shelter in winter gained 
2.90 lb. per day versus 2.54 lb. for the cattle without shelter 
(P < .01). In a similar study by Williams (1958, 1959), in 
Canada, where cattle had access to either a straw shed, a 10 
ft. board fence on the north end of the lot, or no shelter at 
all, he found that the cattle with access to either the shelter 
or the board fence. gained more rapidly in the winter months 
than did cattle without protection. In fact cattle with access 
to the board fence gained 2.40 lb. per day and those with the 
straw shed gained 2.26 lb. per day, respectively, while those 
cattle without any protection gained only 1.92 lb. per day. 
Ingalls and Seale (1967), in Canada, compared young Holstein 
bulls and steers, weighing an average of 324 lb., in heated 
housing and in open shed housing for a period starting October 
1, 1966, and ending May 22, 1967. Daily gains for heated versus 
open housing were 2.R8 and 3.04 lb., respectively. In a test 
conducted by Henderson and associates (1967b) , in Michigan > 
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where Hereford steers housed in enclosed and insulated build­
ings were compared with cattle having access to 100% covered 
housing or 40% covered housing and open to the south, rate of 
gain was nearly identical (2.68 and 2,61 lb» per day, respec­
tively) . Givens et (1967}, in California, studied the 
effects of shelter from November 2, 1955 through March 22, 
1966, and found that both sheltered and nonsheltered cattle 
gained 2.99 lb. per day under California winter conditions. 
In the five summer trials cattle with shelter gained 
significantly faster (P < .05) than those without shelter 
(3.00 lb. versus 2.82 lb. per day, respectively). In a similar 
study currently under way in Missouri, Dyer and associates 
(1967, 1968) have accumulated preliminary data from two sepa­
rate years which suggest that cattle with access to shelter 
in the summer months of July and early August gain slightly 
faster than cattle without shelter; however, over the whole: 
period of their experiments (May through October and April 
through August) the gains were about equal. Henderson et al. 
(1965), in Michigan, found that cattle without shelter during 
the months of February through June 1965 gained faster, 
although not significantly so, than cattle with shelter (2.32 
versus 2.12 lb., respectively). 
The pooled mean differences for the shelter and the non-
shelter groups within season were .36 lb. in the winter and 
.18 lb. in the summer. Although these two mean differences 
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aid not differ significantly from each other, the difference 
approached statistical significance. This suggests that 
shelter tended to have a greater influence on rate of gain in 
winter than in summer. 
No significant effect of surface on rate of gain was noted 
in any of the winter or summer seasons. Pooling of the data 
within each of the two seasons indicated a small advantage for 
the cattle in dirt lots in winter. In summer cattle on con­
crete had a slight advantage for rate of gain. However, in 
neither of the two cases were the differences statistically 
significant. Studies similar to these have not been reported 
from other stations. 
Feed Consumption 
The effects of shelter upon feed consumption were not 
significant, however when the individual trials were pooled 
within season there was a tendency for the cattle with shelter 
in the summer to consume more feed than their counterparts 
without shelter. The mean difference was .51 lb. per day. In 
the winter the mean difference was only .10 Ib^ per day; how­
ever, in this case the nonshelter cattle consumed more feed per 
day thctn those with shelter. It appears that even though the 
mean differences within seasons obtained in this study were not 
significantly different, the cattle with access to shelter in 
the summer were able to use more feed since they were able to 
relieve some of the heat stress when the environmental 
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temperature was at a higher level, whereas the cattle without 
shelter were subjected contiauously to the rays of the sun 
during the day. Consequently they were less comfortable. Pre­
sumably this could account for the reduced daily feed intake. 
However, it was noted that cattle unsheltered in summer consumed 
more water and may have utilized their digestive tract capacity 
to a greater degree with water than with feed. Ragsdale and 
associates (1953, 1954), in Missouri, noted that relatively 
high and low humidities at temperatures below 75®F. did not 
affect feed intake of lactating cows; however, upon increasing 
the humidity and elevating the temperature above 75®F. feed 
intake was reduced. Similar findings where temperatures 
exceeded 75°F. have been reported by Wayman et al. (1962), 
Davis and Merilan (1960), and Johnson et al. (1960). In the 
winter trials it may be that the small difference is purely 
incidental; however, it could be that cattle without shelter 
in winter were subjected to a less comfortable environment and 
ate more in an effort to produce more body heat. In a study 
comparing heated housing with open shed housing during the 
months of October 1966 through May 1967, Ingalls and Seale 
(1967), in Canada, reported that cattle with heated housing 
consumed about 1.5 lb. less feed per day than cattle in the 
open shed when both groups were fed a concentrate to roughage 
ratio of 9:1 free choice. Williams (1959), in Canada, observed 
that at temperatures ranging between -35®F. and 45®F., lowering 
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the temperature led to an increase in feed intake in Hereford 
steers. MacDonald and Bell (1958) ^ also in Canada, observed 
similarly that low fluctuating temperatures varying between 
2'^F. to 45®P. led to an increased feed intake in animals. 
Despite the fact that one winter trial and one summer 
trial showed that surface significantly affected (P < .05) 
feed consumption., pooling the data within seasons eliminated 
the overall significance of the differences. Cattle on dirt 
in winter consumed less feed than those on either of the other 
two types of surfaces. However, the differences were small 
and not significant. 
Feed Efficiency 
Feed efficiency was observed to favor shelter in all 
trials and to be significantly affected (P < .05) in three of 
the winter trials and one of the summer trials. When all 
trials were pooled within season, shelter in winter had the 
highly significant effect (P < .01) of reducing feed require­
ments per pound of gain, since the cattle having access to 
shelter required 9.15 lb. of feed per pound of gain and those 
without shelter required 10.52 lb. of feed per pound of gain. 
Williams (1958), 1959), in Canada, foxind that cattle fed a 
50% grain and 50% pelleted roughage ration with either a straw 
shed or a 10 ft. board fence on the north side required 7.45 
and 7.93 lb. of feed per pound of gain, respectively, while 
cattle without any kind of weather protection required 9.05 lb. 
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of feed per pound of gain during the winter months. Under 
winter conditions in California* Qivens et (1967% observed 
that cattle with shelter required 6.16 lb. of feed per pound 
of gain compared to 6.34 lb. of feed per pound of gain for 
cattle without shelter. When heated versus open housing was 
compared during a winter test by Ingalls and Seale (1967) in 
Canada» they noted that feed efficiency for the heated versus 
the open housing was 11.32 and 12.14 lb., respectively. 
Upon pooling the data for feed efficiency for cattle with 
or without shelter in summer, the shelter group converted feed 
slightly more efficiently (8.77 and 9.15 lb. of feed per pound 
of gain, respectively). The difference was not statistically 
significant. Henderson et (1965), in Michigan, reported 
that from February through June, 1965, cattle without shelter 
were more efficient in feed utilization (8.29 versus 8.89 lb. 
of feed per pound of gain, respectively), although the differ­
ence was not significant. 
Mean differences for feed efficiency obtained when data 
were pooled within season for shelter effects indicated that 
the difference between the two mean differences (1.37 and .38 
Ib.^ respectively) was highly significant (P < .01). This was 
interpreted to mean that shelter exhibited a much more profound 
effect upon feed efficiency in the winter than in the summer. 
Surface showed no significant effect upon feed efficiency. 
However, when trials within each season were pooled there was 
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sortie Indication that cattle on ctirt ia winter were more effi­
cient . Similar studies have not been reported in the litera­
ture . 
Based on the results obtained in this study it becomes 
apparent that shelter can have rather pronounced effects upon 
cattle performance in the feedlot. Such was not the case for 
the different surfaces, although some trends are evident. In 
order to see if there were any interactions between type of 
shelter and type of surface, analyses were conducted to test 
for the presence of interaction for rate of gain, feed intake 
and feed efficiency- None of the tests showed a significant 
interaction between shelter and surface. Likewise no indication 
was found in studies elsewhere of a measurable interaction 
between shelter and surface upon cattle feedlot performance. 
As can be observed in the review of literature preceding 
the discussion, there is very little information available con­
cerning the effects of shelter and surface upon feedlot cattle 
performance. However, there is much information relative to 
genetic and other environmental factors influencing cattle 
performance in the feedlot. This lack emphasizes the importance 
of developing a more complete understanding of the effects of 
shelter and surface upon cattle performance and upon other 
economically important traits. 
@6 
SUMMARY 
The effects of shelter and feedlot surface upon the per­
formance of yearling steers under Northwest Iowa feedlot 
conditions were studied, The experiments were conducted at the 
Allee Experimental Farm located in the northwest quadrant of 
Iowa. Trial I was conducted from November 1961 to March 1962 
and was classified as a winter trial. Trial II began in April 
1962 and concluded in September 1962 and was classified as a 
summer trial. Except for the summer of 1963 and the winter of 
1963-64 two trials were conducted each 12 month period through 
the winter of 1967-68. Six lots were provided, with a north 
to south orientation and with a four percent slope of the 
surface to the south, so that each lot was 35 ft. wide and 100 
ft. long. Each of three lots had access to a 30 ft. by 30 ft. 
area of shelter in the south end of an old barn. The other 
three lots had no shelter except for a seven-" foot high board 
fence on the north end of each lot. Of the three lots with 
shelter, one had a dirt surface, another lot had a concrete 
surface and the third lot had concrete around the automatic 
waterer and self-feeder and across the north end of the lot. 
These three types of surfaces were replicated in the three lots 
without shelter. No bedding was used at any time^ The cattle 
had access at all times to an automatic waterer and a high 
concentrate ration in a self-feeder. The only source of rough­
age was ground corn cobs in the self-fed ration. Approximately 
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120 cattle of predomiuantly Hereford and Angus breeding were 
randomly allotted by weight and breed between the six lots in 
each test and weighed at 28-day intervals. The data reported 
on rate of gain, feed intake and feed efficiency are based on 
weights obtained after 112 days on test and pooled within 
season for the six winter trials and the five summer trials. 
. Surface did not exert a significant effect in any of the 
trials, although some trends were apparent. Shelter increased 
rate of gain significantly (P < .01) in both winter (2.90 
versus 2.54 lb.) and also (P < .05) in the summer (3.00 versus 
2.82 lb.). The advantage for shelter in the winter was not 
significantly greater than the advantage for shelter in the 
summer. Shelter did not significantly affect feed consumption 
but there was a tendency for the cattle with shelter in the 
summer to consume more feed per day (25.60 versus 25.09 lb.) 
with the opposite trend occurring in the winter (26.63 versus 
26.73 lb.). Feed efficiency was significantly (P < .01) in 
favor of shelter in the winter (9.15 versus 10.52 lb.) With the 
same trend in the summer (8.77 versus 9.15 lb.) although not 
significant. The mean feed efficiency differences within 
season were 1.37 lb. and .38 lb. for the effects of shelter in 
the winter and summer, respectively. The advantage for shelter 
in winter was significantly greater (P < .01) than the advatntage 
for shelter in the summer. Thus shelter had a more pronounced 
effect upon feed efficiency in the winter than in the summer. 
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The analysis of data to examine the effects of shelter 
and surface upon rate of gain, feed consumption and feed 
efficiency of yearling cattle in the feedlot under Iowa con­
ditions throughout six winter trials and five summer trials 
indicated that; 
1- . The presence of shelter in both winter and summer 
significantly increased the rate of gain, with the 
greater effect being evident in the winter. 
2. Shelter did not significantly affect feed consumption 
in either the winter or summer. 
3. In the winter, feed efficiency was increased signifi­
cantly when shelter was provided. While the same 
trend was present for the summer the difference was 
not significant. Consequently shelter improved feed 
conversion significantly more in the winter than in 
the summer. 
4. Surface did not significantly affect either rate of 
gain, feed intake or feed efficiency, although some 
trends did appear. 
5. No significant interactions between shelter and 
surface upon either rate of gain, feed intake or feed 
efficiency were observed. 
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